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CLOUDBURST—a definition

The term “cloudburst” is commonly used to designate a tor-
rential downpour of rain which by its spottiness and relatively
high intensity suggests the bursting and discharge of a whole
cloud at once. Cloudbursts are usually associated with thunder-
storms; they may occur anywhere but generally over a relatively
small area. They are common in the hilly and mountainous dis-
tricts of the West, and the resulting floods pouring out from
the small precipitous catchment basins are flashy and often
destructive.
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FOREWORD

By NATHAN C. GROVER!

4

.-Cloudburst storms occur in many, if not all sections of the
country. As the name indicates, such storms are characterized
by intense precipitation that is generally of relatively short dura-
tion..-On small drainage basins they cause record floods. Many
such floods have been reported, but without information as to the
amounts or intensities of the rainfall or the magnitudes of the
resulting discharges of the streams draining the areas on which
the rain.falls. As the heavy precipitation falls within narrow
boundaries and varies widely within short distances, no. adequate
records of its intensities or its total amounts are or can be made.
The floods follow the storms with short-time warnings and sub-
side. almost as quickly as they rise; consequently no reliable
records of discharge are generally obtainable. Few adequate re-
ports on cloudburst floods have, therefore, been made, because the
data that are essential for such reports cannot generally be made
available.

. Some sections of the country are more liable to cloudburst
storms..and floods than others. Among those that are especially
liable are the western and southern fronts of the Wasatch Moun-
tains of Utah. Here the conditions of topography and temperature
appear to, promote the formation of cloudburst storms, and the
steepness of the slopes and their lack of sufficient vegetation to
form a sod permit quick surface runoff and heavy erosion. There
have, therefore, been many storms and floods of the cloudburst
type in central and southern Utah, some of which antedate the
known hlsbory of the region. They have been partly responsible
for the carving of the mountains into peaks and valleys and for
the debris fans that mark the passage of the streams from the
mountains to the plains.

Mr Woolley has compiled and studied the available mforma-
txon. on cloudburst floods in Utah. As for other areas, specific data
on intensities and amounts of precipitation and magnitudes of
dlscharge are lacking. Such information has not generally been
obtamed and is not obtainable. He has been fortunate, however,
in that graphic though fragmentary records of these floods over
a period .of nearly a century have been published in the news-
papers 'of Utah. The Deseret News, especlally in its more than
1 Mr. Grover was formerly chief hydraulic engineer of the Geological Survey, U. S, Depart-

ment of the Interior,
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2 CLOUDBURST FLOODS IN UTAH 1850-1938

90 years of existence, has been an invaluable source of informa-
tion. From the files of the newspapers Mr. Woolley has compiled
the records written by eyewitnesses of many of these storms and
floods. By means of this impressive array he shows the liability
of the region to cloudburst floods and presents the results of a
study of the relation of man’s occupancy and use of the lands to
the magnitude and devastating character of the floods.

Differences of opinion with respect to the relation of man’s
activities to the floods are made apparent by Mr. Woolley’s obser-i
vations, based on his studies and quotations made from pubhshed
reports. One school of thought believes that man’s activities have
been one of the major causes, not perhaps of the storms to ‘which’
the region is subject, but certainly of the devastating character;
of the regulting floods. This school holds that the reductlon in’
vegetal cover caused by grazing, in a country that is so arid that
even optimum conditions do not produce sods to check or pre‘vefnt
erosion, has been sufficient to permit destructive erosion in places
where there would be none under natural conditions and to lead
to quick runoff and, therefore, to such concentration of flood
waters as to produce disastrous flood discharges and mud flows:.
Mr. Woolley does not agree with this school. He believes that the*
activities of man have had a minor rather than a major effect on
the magnitude and effect of cloudburst floods, and he has presented’
facts to support his views. As in nearly all pioneer discussions:
involving new fields of thought the facts may not immediately be
convincing to every one. They will, however, provoke thought and -
lead to valuable discussions of the problems related to the causes,
effects, and possibilities of control of these floods.

Of the facts presented or of the thoroughness of their presenta-"
tion there can be no doubt. There have been cloudburst storms in.
- Utah and floods accompanied by mud flows ever since the earhestﬂ
settlements were estabhshed and before man’s act1v1t1es )could‘
To be sure, more floods have been recorded in recent than in
earlier years. Opinion differs, however, as to whether there have
actually been more floods that have caused disaster; as some
observers believe, or whether there have been no more or worse
floods but more have been reported because there were more Settlé-'
ments and therefore more lives and property in Jeopardy, as Mr'.:
Woolley believes.

Mr. Woolley is a lifelong resident of Utah. His relatlves and
friends are among those who have suffered from the effects of
cloudburst floods. He has studied closely over many years the
facts and problems discussed in this paper. He has presented some”
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of his information in another report which relates to a part of the
State that is subject to cloudburst storms.2 The bulk of his infor-
mation with respect to cloudburst floods and to the effects of man’s
activties is, however, contained in the present report.

The problems related to the possibilities of controlling the floods
of Utah do not fall within the scope of this report. In a few places
levees have been built to confine the flood waters within predeter-
mined channels across the debris fans. Such control may be effec-
tive until subsequent mud flows clog the channels. The Forest
Service ‘and the Soil Conservation Service have attempted to
control floods at their sources by terracing, by contour storage,
and by planting and stimulating the growth of vegetation. The
success or failure of these efforts is still uncertain, as it has not
been demonstrated that any of the projects has withstood a storm
of the magnitude of those that produced the historical floods. In
general, the topography is too steep to make feasible the con-
struction of storage reservoirs for the control of cloudburst floods.

Mr.- Woolley believes that cloudburst floods will continue to
occur in Utah and that property and lives will continue to be
lost, because the debris fans will be occupied by farms and homes,
and such losses will be part of the price paid for the occupancy.

2 Woolley, R. R., Utilization of surface-water resources of Sevier Lake Basin, Utah: U. S.
Geol. Survey Water Supply Paper 920 (in press).






CLOUDBURST FLOODS IN UTAH

By RALF R. WOOLLEY

ABSTRACT.

Introduction—Five years after the first settlement was made in Utah,
at Salt Lake City in 1847, it became manifest: to the settlers both there and
at Manti that “cloudbursts” were of common occurrence in this region. Other
settlements were made and gradually expanded on the steep alluvial fans
of the mountain streams, and reports of cloudburst storms and their attendant
floods became increasingly numerous as farms and homes were damaged
by them. . . .

In 1890 the theory was advanced that these floods occurred because the
sheep and. cattle had eaten off the vegetation in the hills, leaving nothing to.
hold the water back. This indictment of man’s flocks and herds has become
so common that during the past 20 years considerable study has been given
to it. Most of the study, however, has been devoted to runoff from the catch-
ment basins and factors involved in its control and little of it to an adequate
seientific 'analysis of the relationship between physiographic and geologic
features and the meteorologic phenomena involved in the storms.

Physiographic features—Utah has an area of 84,916 square miles, of
which 2;570 square miles is covered by lakes and rivers. Its altitude ranges
from 13,498 feet in the northeast part to 2,500 feet in the southwest corner.
The approximate mean altitude is 5,500 feet above sea level, Mountains and
high plateaus occupy roughly the east half of the State and deserts the west
half. Dark-colored soils characterize the mountain valleys and upland areas,
where rainfall has been sufficient to cause a vigorous growth of grass and
other shallow-rooted vegetation. Gray desert soils characterize the western
desert areas, where rainfall is too scant to produce much vegetation. A little
more than 14 percent of the State’s area is included in national forests, about
4.3 percent in crop-farm land, and about 80 percent in grazing land.

Climate.—Climatically the State is divided by the Wasatch Mountains and
high plateaus into two regions of approximately the same size. The seasonal
distribution of temperature is about the same in both regions, but there are
marked differences in the seasonal distribution of precipitation. Approxi-
mately 22 percent of the Stdte has an average annual precipitation of 15
inches or more, about 30 percent has 10 to 15 inches, and 40 percent has 5
to 10 inches. The remaining 8 pereent, comprising principally the Great Salt
Lake Desert, receives less than 5 inches a year.

Cloudburst storms occur rathér promiscuously throughout the State, being
hore frequent in the seuthern and eastern sections. The precipitation con-
tinues for 20 to 30 minutes on the average, though rarely it may continue
for an hour or more. The extreme rates of rainfall in the mountains of Utah
are not definitely known. In the afternoon of July 7, 1933, an unusual cloud-
burst at Bryce Canyon, in the High Plateaus (8,000 feet in -altitude), yielded '
0.9 inch of rain in 10 minutes.

Cloudburst floods.—Most of the cloudburst floods originate in areas below
8,000 feet in altitude. The most violent discharges originate in drainage areas
of 10 square miles or less, Estimated flood discharges from many of the

5



6 CLOUDBURST FLOODS IN UTAH 1850-1938 .

smaller catchment basins range from 400 to 600 second-feet a square mile.
Only a few communities in the State have not experienced cloudburst floods.

Present-day news reporting of these floods has a tendency to dramatize
them, intensify the public interest in them, and develop a belief that such
floods are much larger and occur oftener in the present than in previous times.
Two 3-year periods are equally high in the maximum records of such floods
since 1847, namely 1899-1901 and 1930-32.

Mudflows—The mudflow is a manifestation of a cloudburst. It is a well-
lubricated mass of alluvium that is spewed from the canyons in a fan-
shaped deposit like a huge sheet of mortar or concrete. These flows make
up the material in the innumerable alluvial fans that fringe the bases of the
mountain ranges throughout the arid West. There are hundreds of such fans
in Utah.

Historical floods.—More than 500 reports of outstanding cloudburst floods
since 1847 indicate that at 112 different times farm crops, usually in small
patches and varying in amounts, have been destroyed. Stretches of-highway
have been washed away or covered with mud and boulders and bridges
destroyed about 140 different times; canals and diversion dams have been
damaged more than 70 times; and railroad tracks have been washed out or
covered up more than 60 times. Cities and towns have had streets flooded no
less than 100 times, and homes have been either washed away or filled with
a few feet of mud. Power plants and pipe lines have been damaged more
than 25 times, and at least 26 persons have lost their lives by drowning.

Relation of cloudburst floods to settlement and land use.—The average
density of population in Utah is little more than 6 people to the square mile.
1t varies from a minimum of 0.5 person to the square mile in Daggett, Grand,
Kane, and San Juan Counties to a maximum of 257 persons to the square’
mile in Salt Lake County.

Most of the present towns in Utah were established by 1880, and at that
time the population of the State was 144,000. More than 230 towns in the
State have experienced one or more cloudbursts. From 1880 to 1930 the
population of the State increased 350 percent, the number of farms 290 per-
cent, and the area included in farms 860 percent.

Practically all lands adjacent to water courses, and consequently those
most subject to cloudburst floods, are now in farms. Although cloudburst
floods are numerous and occur all over the State, less than 1 percent of the
total area in farms has been devastated by them. In a few places homes and
highly developed orchards, garden farms, and city lots have been obliterated.
Such works as pipe lines, canals, power plants, railroads, and highways have
been repeatedly damaged by floods and some projects have been abandoned,
but ordinarily the damage is repaired after each flood, and the costs involved
are considered a price paid for occupancy of the respective sites.

Economic importance of areas affected by cloudburst floods—The actual
value of physical property that has been rendered useless by cloudburst floods
in the State would be exceedingly difficult to determine. It is apparent from
available data that beyond an insignificant amount of improved farm land
and a few small homes and small power plants there would be little if any
monetary value involved. Records of the State Tax Commission fail to show
a devaluating effect on property in any county or community because of dam-
age from cloudburst floods. Apparently such damage is absorbed as a charge
for occupancy of the areas involved.



ADMINISTRATION AND PERSONNEL 7

AUTHORIZATION

" In June 1938 the President approved an allocation of funds by
the Public Works Administration to the Geological Survey for
“surveys of floods and droughts, of run-off and its relation to
rainfall, and of other factors affecting the variations of water
supply, in order to make available information that is essential‘
for the design and construction of projects relating to water utili-
zation and control.”

- AS one assignment under this allotment, studles were made of
cloudburst floods in Utah, and the results of these studies .con-
stitute the basic data for this report.

ADMINISTRATION AND PERSONNEL

The work was performed in and from the Salt Lake City office
of the division of water utilization of the water-resources branch
of the Geological Survey under the general administrative super-

.vision of Nathan C. Grover, chief hydrauhc englneer and with
of water utilization.

The personnel and the periods worked up to the time the allot-
ment was expended, September 1, 1939, were as follows
Regular employees:

Ralf R. Woolley, senior hydraulic englneer, part time.

Temporary employees :

Dean F. Peterson, Jr., junior engineer, July 16 to September
21, 1938, and June 22 to August 31, 1939.

James M. Fox, recorder and junior engineer, September 21,
1938, to August 31, 1939,

Robert C. Dewey, recorder, August 5 to December 31, 1988.

Lucius M. Hale, recorder, April 3 to May 20, 1939.

Albert I. Gabardi, rodman, August 8 to October 1, 1938.

J. William Hasler, rodman, August 8 to December 31, 1938.

Owen D. Thomas, rodman, September 30 to December 31,
1938.

Ruth H, Glissmeyer, junior clerk-typist, May 1 to July 31,
1939.

Detailed field studies and surveys were made from August 5
to December 81, 1938, of the Snowslide and Lost Canyon catch-
ment basins tributary to Provo River, and of Parrish, Ford,
Steed, and Davis Creeks, in Davis County, and channel cross
sections were surveyed at several places along the Virgin River
for:use in studies of slope-discharge relationships.

The field work was begun under the direct supervision of Dean
F. Peterson, Jr., and was continued from September until its
conclusion under the direct supervision of James M. Fox. It in-
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cluded the topographic mapping -of the area under study, by
Dewey, Gabardi, Hasler, and Thomas and research on the physio-
graphic evidences of past floods, the historical records-of such
events and recollections of eye witnesses and long-time residents,
the character of materials in the alluvial fans, the character and
extent of the soil and vegetative cover of the catchment basins,
and the behavior of mudflows, by Peterson and Fox, assisted ocea-
sionally by Hasler. Volumetric estimates were made of alluvial
fans and recent individual mudflows. Sieve analyses were miade
of alluvial deposits and the specific- gravity of rock materials was
determined. Weights of large boulders” were determined from
volumetric and specific gravity determinations.

The field work was necessarily limited by the time allotted for
the project and the short season available. Two areas, one in
Provo Canyon and the other along the Wasatch front in Davis
County, were selected for study because of their widely dlﬁerent.
physiographic features, their records of cloudburst floods, and
their easy accessibility. Field work was concluded December 381,
1938, owing to snow. In March 1939 volumetric estimates were
made by Mr. Fox of the alluvial depos1t from the flood of 1936
at Willard, in Box Elder County, and also of the total amount of
material deposited behind the flood barriers constructed there in
1924. In April 1939 he conducted some field experiments in the
artificial production of mudflows in miniature, and observed the
mechanical characteristics of such flows.

From January 1 to August 31, inclusive, Fox devoted his time
to assembling and abstracting reports on cloudburst floods,
making meteorologic studies, assembling and reviewing all the
available literature on mudfiows and related phenomena, and
assisting in preparing the text for this paper.

Mr. Hale did some drafting and computmg work in connéctlon
with text figures.

Mr. Peterson devoted his time in 1939 to analyzmg' ﬁeld data
relative to the Snowslide and Lost Canyon areas and to thé prepa-
ration of material for use in this report.

SCOPE OF REPORT

The area covered by this report was purposely hmlted to Utah
primarily because the time and funds allotted for the project
were insufficient to assemble and analyze the data for a larger
area that might be comparable to those available for Utah,
Furthermore, most of the data for Utah were readily assembled
at Salt Lake City, and little field travel was necessary. An attempt
is made in this report to present information on the physiography
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and climate of Utah in their natural relation to cloudburst floods
and the general processes of degradation characteristic of the area.

It is obvious that a report of this kind for an area in which the
local differences are so complex must be restricted to some extent
in the amount of detail it gives, and for this reason no attempt
is made to cover all the small individual drainage basins that have
cloudburst floods. It is believed, however, that the material in
this volume at least indicates the natural processes that produce
these floods and that these processes 'are quite independent of
man and his activities, although the results of the floods may be
somewhat influenced by these activities.

COOPER'ATION AND BASIC DATA

The writer wishes to express appreciation to all who have
cooperated with him in the preparation of this report. The gener-
ous contribution of information by those who may be considered
experts in their field of work adds value to a work of this kind
and is a source of conﬁdence to its readers. Special acknowledg-
ment is made to Mr. J. Cecil Alter, meteorologist, United States
Weather Bureau,, Salt Lake City, for his cordial and helpful
cooperatlon, his eonstructive suggestions, and his critical review
of the section on climate.

The basic data were obtained from all available sources. An
effort has been made by the writer during his 28 years of intimate
contact with the development of the State to accumulate all the
information he could regarding its natural resources and espe-
cially that pertalmng to the characterlstlcs and utilization of the
streams.

The historical data have been gathered by personal research
and, for the later years, by the aid of the Utah Federal Writers
project. Helpful suggestions and many photographs of flood dam-
age were very graciously contributed by L. M. Winsor, district
engineer, Division of Wild-life Refuges, United States Biological
Survey. Flood data resulting from hearings cqnducted in Utah
by the Corps of Engineers, United States Army, were made avail-,
able for review by the writer at Los Angele f and additional
statistics on flood damage throughout the State ‘were made avail-
able by Sumner G. Margetts, director, Utah State Plamung Board.

PREVIOUS STUDIES

Ag population has increased and settlements have continually
pushed man’s activities farther and farther onto the natural flood
plains of the mountain streams, reports of floods have become
increasingly numerous, and damage to property from them has
become correspondingly more frequent. This eordition has given
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rise to the belief that floods are actually more numerous now than
in times past and that man’s coming and his activities have been
the cause of it.

This belief has attracted a great many disciples and has become
a popular dogma among them. If has tended to picture erosion—
a normal geologic process that has contributed to the sculpturing
of mountains, plateaus, plains, fertile valleys, canyons, and mesas
since time began—as unduly dominant in the aspects of a horrible
monster of destruction and a public enemy. There is a tendency
to overlook proper distinction between the normal geologic proc-
ess and what has been defined as “accelerated erosion,” and to
charge it all, including the alleged greater frequency of floods,
to man’s lack of wisdom in his use of the land. .

In Utah the causes of these floods and measures of protection
against them have become matters of serious concern to an in-
creasing number of citizens. Different theories have been ad-
. vanced as to their causes, among them that the climate is changing
and that rainfall is in some way affected by the presence or absence
of forests and other forms of vegetation. Capt. Thomas H. Bates
wrote to the Utica, N. Y., Herald in the spring of 18753 givir;g’
as his opinion that the construction of railroads had been the'
chief means of inducing a greater spnng and summer rainfall
in Utah,

The Manti Sentinel,* in an account of a flood in Manti Creek
on July 18, 1890, advanced the theory that “on account of the
sheep and cattle having eaten off all vegetation in the hills near
the town there is nothing to hold the water or in any way arrest
its flow. The consequence is that a heavy rain instead of soaking
into the ground rushes down the creek, flooding the country below
and usually doing more harm than good.” This indictment of
man’s flocks and herds has become so firmly established that the
layman may be excused if he believes that sheep and cattle are
the primary cause of ﬂoods, In a study made by Reynolds® in
1910 of the relation of grazing to floods in a district of the Wasatch
Plateau in central Utah it is suggested that the partial denudatlon
of the mountain slopes as the result of grazing between 1880 and
1902 was responsible for serious floods between 1888 and 1910.
A later study by Forsling® states:

8 According to the Deseret News, Salt Lake City, Utah, May 13, 1875.

4 Published in Manti, Utah. Account republished in Deseret News, Salt Lake City, July 21,
lsg%molds R. V. R.,, Grazing and floods—a study of conditions in the Manti National Fotest,
Utah: U. S. Forest Service Bull. 91, 1911.

¢ Forsling, C. L., a study of the influence of herbaceous plant cover on surface runoff and

soil erosion in relation to grazing on the Wasatch Plateau in Utah: U. S. Dept. Agr. ’Peéh
Bull. 220, p. 8, March 1981.
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Grazing was greatly curtailed in the late nineties and has been carefully
controlled since on the Manti Canyon watershed, one of the drainages con-
cerned. In August, 1909, heavy rainstorms caused severe floods in the adja-
cent canyons to both the north and south of Manti Canyon, while the latter
was not perceptibly affected. Manti Canyon had then had the benefit of
several years’ recovery from severe overgrazing, whereas the adjacent water-
sheds were still in bad condition. Since 1909 no flood of any consequence has
occurred in Manti Canyon, although badly depleted portions of adjacent
watersheds have had several bad floods.

The Manti Creek drainage basin is an excellent example of
what geologists describe as “landslide” topography. Huge masses
of the Wasatch Plateau, into which the basin is advancing, become
unstable through natural weathering processes and slough off
into the canyons, leaving almost vertical walls and piling from
hundreds to thousands of tons of unconsolidated earth, rocks, and
trees and other forms of vegetation in the bottom of the V-shaped
canyons. These piles of debris are flushed out of the canyons by
cloudburst and other heavy storms and are deposited over the
alluvial fan of Manti Creek, upon which the town of Manti is
situated. Beginning with the first record of a disastrous flood, in
1852, no less than 14 cloudburst floods have debouched from
Manti Canyon. There have been intervals of 10, 15, 20, and 27
years without such floods being recorded, but sooner or later the
storm strikes and a flood results. The most recent records show
that a damaging cloudburst flood came from Manti Canyon in
July 1934, when there were three crests, and that another came
in July 1936. ‘

To remove the destructive debris from mountain streams in
the State a “barrier system of flood control” was developed by
Winsor? in the early 1920’s.

The first works of this type were built at Nephi in 1922 Other
similar projects were built on many of the streams during sub-
sequent years.

Soon after the cloudburst floods in Davis and Box Elder Coun—
ties on August 13, 1923, a study was made by the late Frederick
J. Pack, professor of geology, University of Utah, of the flooded
areas around the towns of Farmington and Willard. In the pub-
lished report® of his study he says:

By far the outstanding feature of the entire flood is the enormous size of
the boulders carried by it. Literally thousands of boulders, weighing five to
ten tons each, are strewn along its path. Toward the apices of the cones the
boulders become larger. At Willard and elsewhere fully a score of boulders
have been measured, any one of which weighs 20 to 60 tons. The largest

7 Winsor, L. M., The barrier system of flood control: Civil Engineering, vol. 8, No. 10,
pp. 675-678, October 1938.

8 Pack, F. J., Torrential potential of desert waters: Pan-Am. Geologist, vol. 41, pp. 349-356,
1923.

€23988—46——2 .



12 CLOUDBURST FLOODS IN UTAH 1850-1938

boulder found is situated near the apex of the fan at Willard. It weighs very
close to a hundred tons and was carried for .hplf a mile down a slope of
approximately eight degrees inclination and;then for nearly the same distance
on a six-degree slope, It consists of quartzite. and is roughly rectangular in.
form. Its dimensions, after due allowances were made for irregularities, were
measured as follows: 14 feet from left to right, 714 feet from bottom to top,
11 feet from front to back. Based on a specifie gravity of 165-pounds- per
cubic foot, the mass weighs 190,575 pounds, or 95 tons.

In support of the theory that denudation' of the wabersheds
caused the cloudburst floods of- 1928:a: paper -was prepared by
Paul and Baker.® Most of this pamphlet is-devoted to a discussion
of the relation of vegetative cover to- the runoff from the water-
sheds. The authors conclude that such.storms as described therein
are not unconimon in the mountains, and ‘therefore artlﬁclal de-:
nudation is the principal cause. of the flood. f

In recent years geologists have placéd increasing emphasis on
the potency of mudflows as geologi¢ apents. Tivo mudflows in
Utah, both incident to cloudburst floods, are described by Black-
welder.? In his conclusions he calls attention to the fact that run-’
off regimen is influenced by végetative' cover on Watershed areas
and that denudation may:be artificial as a result' of grazing or
fire, or that there may be a natural searcity of vegetation from
insufficient moisture or poor soil, or both. He calls attention also
to the meagerness of geologic investigation of the subject and
points out that only six modern téxts at that time devoted any
attention to mudflows, and of thése only ‘two give so much as a
paragraph.

In November 1930 some miscellaneous observations on floods
and mudflows north of Salt Lake City were presented to the Utah
Academy of Sciences, Arts and Letter§ and also fo ‘the Utah
Society of Engineers by Crawford and Thackwell.® In discussing
the causes of these devastating.floods the authors contend that
although overgrazing and fires are contributing factors to rapid
runoff from floods their- impgdrtance has. been overstressed and
that the primary factors lie in other unbalanced conditions- in
nature which are of sufficient importance of themselves: to cause
intermittent floods even if the contmbuting factors of* overgrazang
and forest fires did not exist. -y

It was on account of the recurrence- and the destructwe charac-
ter of the floods that devastated preperty in Davis County and
elsewhere in Utah that the late Gov. Géorge H. Dern in 1930

? Paul, J. H., and Baker, F. 8., The floods of 1928 in northern Utah: Utah Univ. Bull.,, vol.
15, No. 8, 1925.

10 Blackwelder, Eliot, Mudfiow as a geologic agent in Semiaﬂdr mountaingi Geol. Soc.
Ameriea Bull,, vol. 89, pp. 465-484, 1928.

# Crawford, A. L., and Thackwell, F. E., Some aspects of the mudfiows north of Salk Lake
City, Utah; Utah Acad. Sci., Axts and Letters Proc, vol. 8, pp. 97-105, 1931,
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appointed a commission;of-citizens to study the origin and cause
of floods in that county and other parts of the State and to ascer-
tain whether flood prevention measures were feasible.

The report of this commission!? is divided into three parts:
Part 1, report.of the committee on ways and means; part 2, pre-
liminary report of the committee on flood control works; and
part 3, report of the committee on causes and prevention measures.
Part 3 forms the greater part of the combined report, and the
conclusions of the committee as to “the causes of the many floods
throughout the State in 1980” were as follows:

1. Uncommonly heavy rainfall.

2. Sfeep topography and geological condlhons conducive to sudden runoff
and to a large quantity of flood debris.

8. Scant vegetation on portions of the watersheds of the canyons whlch
flooded, due in some cases to the natural barrenness or semi-barrenness
of the land, but in many cases such as those in Davis County, to the deple-
"tion of the natural plant growth, by overgrazmg, by fire, and to a small
extent by overcutting of timber. -

The committee also concluded that “had there been a mantle
of vegetation practically equal to the original natural cover, the
serious flooding in that séction from the rains of 1930 would have
been greatly diminished, if not prevented.”

Under authority of Section 5574x, Chapter 37, Session Laws
of Utah 1931, the State Land Board engaged the director of the
‘Intermountain Forest and Range Experiment Station, U. S.
Forest Service, with one member of his staff and two members
of the staff of the Utah State Agncul‘tural College, to make a flood
survey in Utah. '

The report of this survey WaS'made to the State Land Board
in January 1933, but it has riot been published. Its conclusions are:

Activities of man have been an important factor in the increase in floods
and of soil eérosion; * * *  floods on the whole were not of such severity
or of such great frequency until some time:after.settlement; * * * in-
judicious grazing is by far. the most.important factor [in brmgmg about] -
conditions favorable to the orlgm of ﬂoods

Of the 25 cases exammed where ﬁoods have oceurred in recex;lt years
depletéd condition of the plant cover is cons1dered to have playéd a ‘material
part in 23 cases, and in 18 of the 23 cases- depletwn of plant cover is con-
sidered to be the major factor giving rise to conditions faverable for flood
runoff, .

The report cites Manti Canyon as one of the canyons that was

“once a repeated flooder” and states that it was in bad condition

“when placed under national forest administration,” but that

under such administration no serious flood had occurred for many

“To?rentiu] floods in northern Utah 1930, in Report of special flood commission appointed
by Gov. George H. Dern: Utah State Agr. Coll., Agr. Exper. Sta. Circ. 92, Jan. 1931
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years at the time of the report (1983). That period seems.: short,
however, for drawing significant conclusions.

Repeated emphasis of the theory that vegetative cover on
watersheds ‘“equal to the original natural cover’” will greatly
diminish or prevent floods gives rise to the question, What was
the original cover? In an effort to answer this question research
was made into the scores of authentic books of early explorers
and pioneers in the West who have left written records of the
general facts of climate and vegetation. The results of this study
are recorded in a paper by Woolley and Alter.3

The historical accounts quoted in that paper date back to the
year 1540, and they all indicate that “no extreme phase of the
precipitation cycle, whether upward and comparatively wet, or
downward and relative dry—nor the practices of man in sub-.
stituting domestie livestock for wild game and diverting irriga-
tion water onto two percent of the land—have ever been suffi-
cient to produce a material change of a permanent character in
the general aspect of the native vegetation.”

Another flood study initiated in 1988 was the outgrowth of a
request by the Corps of Engineers, United States Army to the
Utah State Planning Board for information concerning -floods
in Utah. This request was “for location of floods, damage caused,
estimated costs for control, the economic background, and data
on precipitation, runoff, climate, etec., for each area.” In response
to this request an investigation, was made of those streams in
Utah that had produced damaging floods. Letters and reports
from all parts of the State were received and filed by the Planning
Board and made available to the Corps of Engineers. Flood con-
trol hearings were conducted by the War Department at Kanab,
_ Price, Monticello, and Salt Lake City, at which all available infor-
mation relative to floods was presented and filed for use in
preparing flood-control plans.

The major studies that have been made thus far of cloudburst
floods in Utah argue for the theory that man’s activities are a
primary cause of floods. Scientific 'study and analysis of the
physiographic and geologic features and of the meteorologic phe-
nomena involved in these storms have not received due con-
sideration.

13 Woolley, R. R., and Alter, J. C., Precipitation and vegetation: Am. Geophys. Union
Trans., pp. 604-607, 1938.
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PHYSIOGRAPHIC FEATURES
By Ray E. MARSELL*

BOUNDARIES AND AREA

When Utah was established as a territory in 1850 it was
bounded on the west by the State of California, on the north by
the Territory of Oregon, on the east by the summit of the Rocky
Mountains, and on the south by the thirty-seventh parallel of lati-
tude. The present western boundary was established in 1861, the
eastern boundary in 1864, and the 'notch taken out of the north-
east corner was increased to its present size in 1868.

The State comprises approximately 82,346 square miles of land
and 2,570 square miles of water—a total area of 84,916 square
miles. Its highest point is Kings Peak, with an altitude of 13,498 |
feet, in the Uinta Mountains in Duchesne County, in the north-
eastern part of the State; its lowest point is on Beaverdam
Creek, where at an altitude of about 2,000 feet, the stream crosses
the Washington County boundary, in the extreme southwestern
corner of the State. The approximate mean altitude of the State
is 5,500 feet.

The following table shows approximately the proportionate
amounts of the area of the State at different altitudes.

Approximate amount of land at various altitudes in Utah

Great Basin || Colorado River || - poyire state
Altitude above sea level (feet) K
Areain | Percent || Areain | Percent || Areain | Percent
square of square of square 0
miles basin miles basin miles State
2, 000~ 258 0.6 258 0.3
3,000~ 1,579 4.1 1,579 1.9
4,000~ 825 17.8 || 25,109 29.6
5, 000- 11,324 20. 4 23,127 27.2
6, 000~ . , 924 20.5 14, 867 17.5
7,000~ 4,685 12.1 9,499 112
8,000~ 9,000.... 2,912 7.5 5,782 6.8
9, 000-10, 000 1,816 4.7 2,973 3.5
10, 00011, 000, 9 2.2 1,239 1.4
11, 000-12, 000 374 .9 418 .5
12, 000-13, 61 } 2 64 } 1
13, 000-14, 000 1 . 1 *
T 38, 628 100 84,916 100

PROVINCES
GENERAL DESCRIPTION
According to the classification of the physical divisions of the
United States prepared by N. M. Fenneman'® in cooperation with
the Physiographic Conimittee of the Federal Geological Survey,
u Assistant professor of geology, University of Utah.

I Fenneman, N. M., Physiographic divisions of the United States: Assoc. Am. Geographers
Annals, vol. 6, pp. 19-98, pl. 1, 1917.
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Utah includes parts of three major physiographic provinces. The
western third of the State includes part of the Basin and Range
province, and the remaining two—thirds includes ‘parts of the
Middle Rocky Mountains province and the Colorado Plateaus
province.

The area in Utah that lles w1thm the Basm and Range provmce
is a part of the Great Basin section of that province. It is an
arid to desert region almost entlrely w1thout external drainage
and consists of isolated moupntain ranges and broad intervening
" valleys many of which are frmged by alluvml fans made up of
the material eroded by floods from the Steep slopes of the uplands.

‘The northeastern part of the State, in the Middle Rocky Moun-
tains province, includes the north-south trending Wasatch Range-
"and the east-west trending Umta Mountains. (See pl. 1.)- The
Wasatch Range has two northern branches, the Bear River Range
and the Bear River Plateau,’® which are .geparated from the,
Wasatch Front Range by Cache Valley—a broad intermont de-
pressiog—and from-each other. by the valley of Bear Lake, which
extends northward into Idaho.

The east-central and southeastern parts of the State-are in-
cluded in the following subdivisions of .the Colorado Plateaus
province: (1) The High Plateaus of Utah, a broad strip of high
block plateaus, in part lava-capped, -that makes up the western
part of the province in Utah; (2) the Uinta Basin, a dissected
plateau of strong relief that embraces the northern part; and
(3) the Canyon Lands, a region of intricately and deeply trenched
plateaus bisected by the Colorado River.

DRAINAGE

The principal drainage of the State is either westerly to Great
Salt Lake and Sevier Lake, in the Great Basin, or easterly to
Green River and Colorado River, in the Plateaus province. The
divide between the drainage of the Colorado River and the Great
Basin lies mostly within the Colorado Plateaus province (see
pl. 1), although a part of the Great Basin in southwestern Utah
is drained by a tributary of the Colorado River. About half of the
State drains to the Great Basin, the other half to the sea.

TOPOGRAPHY ,

‘In general the State consists of two highly contrasted areas,
one, the Great Basin area, low in-average altitude, and the other,
including parts of the Coloradé Plateau and Rocky Mountains,
high in altitude. The two areas are separated along a north-south
line by a prominent escarpment that faces west and constitutes

16 Mansfield, G. R., Geography, geology, and mineral resources of part of southeastern Idaho:
U. 8. Geol. Survey Prof. Paper 152, p. 29, and pl. 15, 1927,
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the western margin of the Wasatch Range in the north and the
western edge of the Colorado Plateaus province in the cénter.
This. abrupt slope, which separates the eastern highland from
the western lowland, is one of the most conspicuous topographic
features in the State, especially as viewed from the west. At
intervals of a few miles this barrier is eut by short, deep steep- -
walled canyons that debouch- at the western: foot of the escarp-
ment, dividing the upland: into parallel east-west trending ridges
that give a notched or crenulated character to the western margin
of the upland. Floods are characteristic of these ¢anyons, and the
material carried down.by the canyon-cutting process forms an
alluvial fan at each canyon mouth;

The escarpment is due in part todislocation of the earth’s crust
along two major.zones of fracture and movement. The Wasatch
fault zone coincides with the base of the scarp for a distance:of
about 150 miles in its northern section.. The Hurricane fault zone,
which lies within the plateaus south of -Cedar City, follows the
escarpment for an unknown.distance to the north, possibly to a
point 20 or 30 miles south of Beaver." Toward the middle of the
scarp, between Levan and a point several miles south of Beaver,
the slopes are more gentle and very irregular. Here evidence of
faulting is obscure. There are no great continuing faults but only
occasional faults and.parts of the front where, the beds are
warped .downward into the Great Basin. Apparently the division
of -the State. into two general physiographic regions has been
brought about by repeated movements along the front, both by -
warping and faulting. The .cumulative effect has been to raise
the eastern part of the State along this zone from 3,000 to 6,000
feet above the western part. Evidence of geologically recent move-
ment, along the Wasatch fault zone is conspicuous (see pl. 2) and
has heen ably described by. Gilbert'” and others.

Renewed uplift, -at intervals,. of the upland or eastern part of
the State has increased stream gradients in: those parts of the
channels immediately upstream from the faults along its western
margin. Thus the valleys that cross the scarp tend to keep their
sharp V-shape right down to the fault zone .at the foot of the
escarpment. This steepening of the stream gradients also results
in maintaining steep .valley slopes, whlch accelerate runoff- and
grea tly i increase the capamty of runnmg water to transport debrls ,

Streams hgmng the Pacific,Ocean as their base level have eut’
much deeper channels than the streams draining to the relatively
high base level of Great Salt Lake (altitude 4,200 feet) and Sevier

17 Gilbert, G. K., Studies of Basin Rangé structure: U. 8. Geol. Survey Prof. .Paper 153, 1928,
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Lake, the common base levels for streams in that part. of the
Great Basin that lies in Utah.

The relatively greater altitude of the Rocky Mountains . and
Plateaus provinces along their western boundary is of signifi-
cance in that it forces the moisture-laden air coming from the west
to rise into cooler regions and drop much of the precipitation
that makes permanent runoff from that area, in contrast to the
intermittent runoff from the Great Basin province to the West

All three provinces display characteristics of late youth to early
maturity in topographic development; the upland surfaces in all
three are generally rough and rugged, with very strong relief.
The flood plains of the major streams in the Rocky Mountains
and Plateaus provinces are narrow or practically nonexistent;
only where they enter the Great Basin do they attain considerable
width.18

About half of the Great Basin province consists of isolated but -
roughly parallel north-south trending mountain ranges, whereas
most of the northern third of the eastern upland is mountainous
in the extreme (containing the Wasatch and Uinta Mountains),
and even the remaining two-thirds is so generally trenched by
deep and steep-walled gorges that it has a mountainous aspect.

In all three provinces slopes are predominant; flat areas are
limited in extent and confined mainly to the central floors of the
intermontane basins, particularly the floor of Pleistocene Lake
Bonneville, in the western part of the State, and to a few
“stripped” plains and plateau surfaces in the Plateaus part. In
the Great Basin, however, alluvial slopes of 10° or less are exteh-
sive. Probably in no State west of the Rocky Mountains are
plains so restricted in extent as in Utah. The steep gradients of
the smaller streams, their confinement in narrow canyons, and
their abrupt change of gradient when they spread upon the allu- -
vial fan at the bases of the slopes are major factors in the destrue-
tiveness of cloudburst floods, as these fans are choice agricultural
spots and are thickly settled.

COLORADO PLATEAUS PROVINCE

The Colorado Plateaus province as a whole has the simplest
geologie structure and topographic expression of the three prov-
inces in Utah. It is distinguished, first, by relatively high altitude,
second, by the nearly horizontal position of much of the great
thickness of sedimentary rocks of which it is chiefly composed,
and, third, by its myriads of labyrinthine, steep-walléd' tanyons.
' 18 Callaghan, Eugene, Geologic features [of Sevier Lake Basin], in Woolley, R. R., Utiliza-

tion of surface-water resources of Sevier Lake Basin, Utah: U. 8. Geol. Survey Water-Supply
Paper 920 (in preparation).
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Its surface, except for valley bottoms or canyons, ranges from
5,000-t0 more than 11,000 feet in altitude. Owing to the generally
aridi climate and approximate flathess of the strata, the hard
layers, where exposed by drainage channels, form ragged lines
of cliffs that :retreat from the drainage lines as the softer rocks
beneath. are eroded-away. The hard and soft layers are frequently
repeated, so that the surface over much of the province consists
of .a suecession of platforms or benches separated by steep slopes
or: cliffs.; There are hundreds of such lines of retreating escarp-
ments or cliffs with. highly crenulate or fringelike margins, often
set one :above the other like steps, with broad platforms between
them. The most prominent of these erosional escarpments, con-
sisting :of several rows of closely spaced cliffs (see pl. 8, 4), forms
the southern margin of the Uinta Basin section and the eastern
margin .of the High Plateaus section. These two border areas
of.the province are higher in general than the central or Canyon
Lands area. (see pl. 8, B). Possibly in no other landscape are the
substance and structure so plainly revealed as in the Plateaus
province. The angular profiles suggest classical architectural
forms, so. much so that Dutton,'® impressed by this resemblance,
descmbed them .in .architectural terms.

. Ag the name. of the province implies, there is not just one
plateau but many. Fenneman,?® in discussing them, in part, says:

“The constituent plateaus, more or less sharply separated and raceiving
local names, are numbered by the dozen. Some rise, tablelike, above their
neighbors on all sxdes, others abut, steplike or terracelike, against their
higher neighbors; a few are basinlike, limited on all sides by infacing cliffs.
They differ also in the degree of dissection by streams, ranging from wide-
spread ﬂa.ts or rolhng lava, plains to deeply and maturely dissected mountains
of erosion. As a consequence of differing altitudes and stages in the erosion
cycle, the several plateaus differ greatly in temperature, rainfall, and vege-
tation. At one extreme ard hot wind-swept deserts; at the other are cool,
lake-dotted, ‘dense forests between theser are open forests, park and grass
lands.”

The margins of the various plateaus in some places are simple
c]lﬁs, in others they are modified fault scarps, and in a few they
are monoclines of vast proportlons, where the flat-lying strata
hzwer been bent upward in a broad sweeping curve, to flatten out
agg.m on. .the,plateau top. The same layer that floors one plat-
form may also floor a neighboring one several thousand feet
hlgher in the plateau. In places the flexed strata are sheared and
the monochnal margm passes. into a faulted margin, and vice
versa.

¥ Putton, C..E.; Report on the geology-of the high plateaus of Utah: U 8. Geog. and Geol.
Survey Rocky Mountain region (Powell), 1880.

“Fenneman, N. M Physxography of weﬁtern United States, p. 2786, Mchw-H:ll Book Co.,
1981, o ‘ -
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The fact that the cliffs of the retreating escarpment are of
unusual height is due to the great thickness and massive character
of the many hard sandstone layers in the plateau- country. This.
is well illustrated by the broad terraces south of the southern
margin of the High Plateau district, particularly by the wall that.
is formed by a single layer of brightly colored sandstone 2,000
feet thick in which Zion Canyon is so spectacularly -cut. The top-
most layers of the southern part of the High Plateaus. are:
commonly soft Eocene deposits, whose composition and structure-
are particularly favorable to the formation of cliffs. The intricacy
of dissection of these cliffs is extraordinarily well shown in Cedar
Breaks National Monument and Bryce Canyon National Park:

An exceptional feature that lends variety to the typié_a‘l land-
scape of the Plateaus province is the presence within it of several’
scattered groups of laccolithic mountains, where intrusion of:
igneous rocks has domed or otherwise disturbed the sedimentary’
layers. Erosion has since stripped the sedimentary rocks from
the tops of many of the laccoliths, exposing their igneous cores. '
Noteworthy examples are the Henry Mountains, the Abajo ‘or:
Blue Mountains, and the La Sal Mountains (pl. 4), the last attain:
ing an elevation of more than 18,000 feet. Their xsolatwn, and
the abruptness with which they rise from the level plateau sur-
faces, lend to these mountains a peculiar grandeur.’ :

BASIN AND RANGE PROVINCE D

Ranking almost equally with the Colorado Plateaus province
in size but lacking its physiographic simplicity is the lowland:
in the western part of Utah. This is a part of the Great Basih®
section of the Basin and Range province and includes about 40
percent of the State’s area. The name “Great Basin” was first
applied to the area by Capt. John C. Frémont, who was the first.
to recognize the nature of its interior drainage while crossmg\
the region in his expeditions of 1843 and 1845.

Topographically, the province is d1st1ngulshed by its successjon
of subparallel mountain ranges and intervening desert plains.’
In general, each mountain range is isolated from its neighbors
and is 40 to 80 miles long, the shorter ranges predommatmg
One or both margins of a range may rise abruptly from t’he'
adjoining plain and display a general straightness of base that
is quite independent of rock composition and the usual com-
plex structure within the range, a typical feature of many of the
mountain ranges of the province and one that suggests their
probable fault-block origin. The crest lines of the ranges, although
jagged in detail, are surprisingly uniform and even, lacking the
sharp high peaks and broad saddles that produce the familiar
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notched and segmented appearance of a typical mountain range.
Although, from a topographic standpoint, the region fails to dis-
play in its surface forms. the simple, geometric aspect of the
Plateaus province, there is at least a suggestion of orderliness
in the rude parallelism of the ranges.

The stage of topographic development of the basin ranges,
although still a subject of considerable discussion,?® appears to
be that of early maturity for the ranges in Utah; block mountains
in an advanced stage of their first cycle of erosion probably pre-
dominate, but there are a few ranges in whose formation faultmg
is not regarded as an essential factor.??

The steep slopes that so generally prevail in the basin ranges
do not disappear altogether at their bases, for the margins of
the intervening basins commonly have steep slopes. Frequently
- anly a relatively narrow central strip is flat, bordered by piedmont
plains of coalescing alluvial fans that range. in inclination from
3° to as much as 10° as they approach the mountains. In contrast
with the loftier and more humid sections of Utah that drain to
the sea, the waste of the mountains in the Great Basin tends to
accumulate in fan-shaped alluvial deposits at the foot of the
ranges instead of being carried out of the region by perennial
streams. In many places, as a general result of the arid climate
and steep mountain fronts, the sloping margin of the basin is
formed of a series of these confluent alluvial fans.?® In other
places the sloping plain is a “pediment,”?* or rock platform, but
thinly veneered with rock waste.

The center of the intermontane basin is usually occupied by a
barren mud flat, the “playa,” which may be the site of an
ephemeral lake, where the mud-laden flood waters from the melt-
ing. snows of spring or from the infrequent but torrential cloud-
burst storms of summer accumulate and evaporate in the dry
desert air. The so-called “alkali flat” is a playa coated with white
efflorescent salts, formed by!/the active discharge of ground.water
by .evaporation. The name “salina” is often given to such a playa.
One of these salt beds in western Utah, called the Bonneville
Flats because of its remarkable flatness and the hardness of its
surface when dry, is an internationally known speed course where
the world’s automobile speed records have been made.:

It is evident that many of the playas—and the basms them—
selves—are the sites of former lakes, whose disappearance is so

#'Fenneman, N. M., op. cit., p. 333. ]

22 Marse]l, R. E., Salient geological features of the Traverse Mountains, Utah; Utah Acad.
Sci., Arts and Letters Proc., vol. 8, pp. 106-110,, 1931.

"o Blackiwelder, Eliot, Desert plains: Jour. Geology, vol. 89, No. 2, p. 136, 191.

% Bryan, Kirk, Erosion and sedimentation in the Papago country, Ariz., with a sketch of
the geology: U. S. Geol. Survey Bull. 730, p. 54, 1922,
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recent, geologically, that their beaches, sea ecliffs, -and  shore-
line embankments are preserved around the margins .of ' the
basins. Most of that part of the Great Basin that lies in western
Utah was formerly occupied by Lake Bonneville, the largest:of
these ancient lakes.?s Great Salt Lake, Utah Lake, and Sevier
Lake occupy the lowest parts .of the former lake bottom. Lake
Bonneville, at its highest level, was as large as Lake Michigan
and deeper than Lake Superior. The prominant terrace marking
its highest shore line, known as the Bonneville level, is about
1,000 feet above Great Salt Lake and nearly a mile above sea
level. Since the waters of this great prehistoric lake lapped well
up on the flanks of the Wasatch Range and the basin ranges to
the west, the shore lines and deltas are conspicuous features
which, with the relatively smooth surface of the old lake bottom,
stand out in marked contrast with the rugged surfaees of the
surrounding mountains. ) :

MIDDLE ROCKY MOUNTAINS PROVINCE

That part of the Middle Rocky Mountams provingce. - Wlt.hm
Utah is the smallest in area, the highest in general altitude;, and
the most complex, topographically, of the three provinces-.that
make up the State. Its major physical divisions, as=previous1y
noted, are the Wasatch and the Uinta Mountains,

The principal streams that rise within the State rise iin. thls
area. The larger part of the population of the State is huddled
along its western border near Salt Lake City, where the clear
mountain streams enter the Great Basin. :

When viewed from the air, the province has. the aspect of A
vast tableland, maturely dissected but still preserving something
of its tabular form. Although the Uinta Mountains are somewhat
higher than the Wasatch Range, the deepest canyons are found
in the latter, several of them rivaling the Yosemite in depth and
grandeur. The greater relief of the Wasatch region is accounted
for by the nearness to base level of its westward flowimg streams
and the abruptness of the escarpment that forms the Western
margin of the range. Lo .

Glacial erosion has contributed greatly to-the steepemng of ‘the
canyon walls and has produced large cliff-rimmed basins’ at their
heads. Glaciers also occupied parts of the Ioftiest of -the High
Plateaus and the summits of a few of the higher basin ranges,
but their effects on the topography are much more conspicuous
in the mountain province. In fact, the crest of the Uinta Moun-
tains was completely buried under an ice cap, from which. arwers

% Gilbert, G. K., Lake Bonneville: U. 8. Geol. Survey Mon. 1, 1890
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of ice descended?® at both margins of the range. Erosion of the
canyon walls by the ice masses has not only steepened them but
has removed most of the soil and rock mantle, exposing bare roek
surfaces that greatly increase the rate of runoff during the tor-
rential downpours of eloudburst storms. The longest glacier in
the Wasatch Range, in Little Cottonwood Canyon (see pl. 5),
attained a length of 14 miles with a minimum depth of ice, near
its end, of 1,500 feet. The Uinta glaciers were nearly twice as long
and much thicker.

The Wasatch Range extends southward from near the Idaho
line'to Salt Creek Canyon, where it joins the High Plateaus of
Utah near Nephi, in the center of the State. From Salt Lake City
northward the range -consists of a single high ridge, scored by
short, exceedingly steep ravines that descend both westward to
the 'Great Basin and eastward to a chain of mountain valleys,
called by Gilbert?” “back valleys,” which, from north to south,
are Cache Valley, Ogden Valley, and Weber, or Morgan, Valley.
The altitude of the northern Wasatch, as this part of the range
iz called, is somewhat less than 10,000 feet, whereas the central
part, facing Jordan Valley, culminates in Mount Timpanogos,
12,008 feet high. The physiographic character of the range also
changes in the central part. The range expands into a series of
parallel "east-west ridges whose highest peaks lie close to the
western margin of the range, giving the central mass an asym-
metrical profile. The hydrographic divide here does not coincide
with the crest line as it does farther north. In the extreme
southern part 'of the range, its form returns to that of a single
high ridge, culminating in Mt. Nebo, 11,887 feet high.

Like many of the basin ranges, which it resembles in many
respects, the Wasatech Range consists of complexly folded and
faulted rocks, displaying a wide range in composition and age.
Folding of the sedimentary layers, which constitute the bulk of
the range, was followed by intrusion and partial burial by igneous
rocks. The present range represents the re-elevated core of the
anciént range, and its topography reflects more than a single
cycle of erosion.2s

The Uinta Mountains are the largest east-west mountain mass
in the Western Hemisphere. Their length is about 150 miles and
their width 80 to 40 miles. Much of the crestal region is above
12’000 :feet in altitude. In its structure the range is much simpler

. % Atwood, W. W, Glaczatlon of the Uinta and Wasatch Mountains: U. S. Geol. Survey
Prof. Paper 61 1909.

27 Gilbert, G. K., Studies of Basin Range structure: U. S, Geol. Survey Prof. Paper 153,
pp. 53-54, 1928.

2 Fardley, A. J., Strong relief before block faulting in the vicinity of the Wasatch Mountains,
Utah: Jour. Geology, vol. 41, No. 3, pp. 243-267,1933.
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than the neighboring Wasatch and more closely resembles ‘the
structure of the Plateaus province, for it consists of a broad,:
nearly horizontal platform, elevated between steep moneclinal
margins. In form the range consists of a narrow, discomtinuous
crestal ridge from which fairly evenly spaced canyons, ‘greatly
enlarged by glacial action, descend on both sides. The 'range
drains in part to the Great Basin and in part to the Green RlVer
of the Colorado River system.

-SOILS

Because of the great importance of soil in the study of land
use and the significance of its structural characteristics in, rela-
tion to its receptibility of plant roots, its amenability to cultiva-
tion, and its susceptibility to blowing by wind or erosion by water,
it seems desirable in this report to set forth some of the funda-
mental characteristics of the soils of Utah as they are related to
local variations in climate, relief, vegetation, and other factors.

Before the development of the modern concept of soils and
before there had been accumulated any body of soil science, classi-
fications were made on the basis of the nature of the parent
material, but now according to the principle of geographics?® two
general forces are considered to be in operation during the genesis
of a soil, (1) the destructional forces of weathering, both physical
and chemical, and (2) the constructional biological forces.

Rainfall, temperature, and humidity as components of climate
obviously influence the amounts of the chemical elements and
compounds in the soil through their influence upon vegetation
and upon the weathering processes that produce the parent ma--
terial from which the soil is developed. The whole process of soil
genesis is one of evolution. The material of which. the soil is
composed is largely accumulated through the processes of weather-
ing, and wind, moving water, ice, and temperature changes are
important factors in the disintegration of the parent rock masses:,
Transportation of the weathered material may be by wind, as
is true of sand dunes, by water, as illustrated by alluvial fans.
and flood plains, and by ice, as shown by glacial deposits.

Following or even coincident with accumulation of parent
material, living matter begins the constructional processes of soil
 development. Wherever rainfall is adequate and properly distrib-
uted throughout the frost-free period vegetation appears, but the
relationship between soil and plant life is so interdependent that
it is not always possible to point to either as the cause of. the
other; they evolve together. 4

2 Rellogg, C. E., Development and significance of the great soil groups of the United States
U. 8. Dept. Agr. Misc. Pub. 229, 1936.
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" In the ‘development of soils from unconsolidated rocks a cer-
tain amount of erosion is necessary for the genesis and mainte-
nance of a fertile soil, but excess erosion leads to the thinner, less
fertile types that are found on hilly land where the relief “is
condiicive to increased removal of material and increased runoff
of water, leaving less moisture for the growth of plants and
consequently slowing down the soil-forming processes.

In many places within a general region soils are so influenced
by.local conditions of relief and parent material as to be wholly
unﬁt for crops. Soils on steep hillsides that are thin and subject
ta’ excesswe erosmn when cultivated and stony and very sandy
soils are examples of such unfit lands. In regions with large areas
of rugged mountains, broad deserts, and high plateaus, such as
are found in Utah, soils areally are dominated in their genesis
by the local factors of relief and parent material.

Although detailed soil surveys have been made of only a frac—
tlonal part of the total area of Utah, accumulated results of the
soil surveys of the United States by the Department of Agri-
culture, begun in 1899, have provided sufficient data for Dr.
Marbut 30 of the Bureau of Chemistry and Soils, to prepare a
report with map, which has been drawn upon liberally for the
followmg discussion of soils in Utah.

Occurrmg mainly in the valleys of Utah. is a soil series that
has been mapped as the Hyrum. It is a series that was established
in Cache Valley and consists of dark-colored soils developed from
water-laid material deposited in ancient Lake Bonneville. These
soils occur around the rim of the valley basin in localities where,
because of their nearness to high mountains, the rainfall has
been sufficient during the progress of soil development to cause
a vigorous growth of grass and other shallow-rooted vegetation.

In the Uinta Basin, in northeastern Utah, soils with the general
charaeteristics of the Hyrum occur around the basin edges and
lighter-colored soils ‘occur in the interior. Dark-colored soils are
also found in the relatively smooth areas on the higher levels
in the Uinta Mountain region.

The soils along the top of the Tavaputs Plateau, which is
bounded on the south by the Book Cliffs and extends. westward
in a very narrow belt from some 20 miles east of Grand Junction,
Colo., to Price, Utah, are dark colored and covered with brugh.
North of this belt the soils are light in color. In the Monticello
region, in southeastern Utah, are areas of dark soils used for
production of dry-farm wheat. The rainfall in this region is heavy

—

20 Marbut, C. F., Soils of the United States: U. 8. Dept. Agr. Atlas of Am. Agr., pt. 3, 1935.




26 CLOUDBURST FLOODS IN UTAH 1850-1938

enough to have developed sufficient vegetative cover throughout
the period of soil development to give the soils a dark color.

The Gray Desert soils occupy the Great Basin area of the State
extending from the foot of the Wasatch Range Westward Except
for the small areas where irrigation is pos51ble, these soils are
practically nonagricultural. The series of lsola,ted short, north-
south mountain ranges that are a prominent topographic feature
of this region are either entirely bare or have a very thin cover
of brush, except in some of the highest, where some open. forests
are found. The ranges are separated by long, gently slopmg
alluvial fans spreading outward from the mountains, the fans
from adjacent parallel ranges meeting along the axial 11ne of the
lowland belt between the mountains. In places where the fans do
not actually meet they are separated by a flat area, known as a
playa, that is usually subject to flooding. The playas, however,
constitute a very small and unimportant part of the whole region.

Most of the soils of the region lie on the alluvial fans and
playas and are developing from the same kind of materials as
those that formed the fans and playas. In this process of- develop-
ment the deposition of material does not ‘take place over the
whole surface of the fan at any one time. Thé streamg that bring
the material from the mountains during the desert thunderstorms
shift their courses from time to time and eventually distribute
the material over the whole fan. In some part of every fan, there-
fore, the material is now accumulating or has accumulated so
recently that mature soils have not developed. In other parts of
the fans the accumulation took place a long time ago. These con-
ditions are characteristic of the hundreds of fans that are now
being built throughout the State by “cloudburst” floods. '

‘The low areas that include Great Salt Lake and the now dry
Sevier Lake consist of fine-grained lake-laid deposits that have
accumulated through the ages. They are more or less salty be-
cause of the concentration of mineral salts left by evaporatwn,
the only way for the water to leave the basins. :

NATURAL VEGETATION

Vegetation is a very important factor in the econom1c value
of land, and its intimate relationships with rainfall, temperature,
and soils are relevant to any study of the economic 1mportance
of areas affected by cloudburst floods.

The natural vegetation of Utah, according. to Shantz and Zon Gl
comprises alpine meadows in a few small areas in the tops of
the Uinta Mountains and on the High Plateaus, in the south-

8t Shantz, H. L., and Zon, Raphael, Natural vegetation: U. S. Dept. Agr. Atlas of American
Agriculture, 1924,
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central part of the State; spruce and fir (Northern Coniferous
Forest) in some small scattered areas fringing the alpine
meadows; yellow pine and Douglas fir extending in a rather wide
belt along the Wasatch Mountains and southward nearly to the
south end of the State; pifiion and juniper in extensive areas
flanking the pine-fir areas; lodgepole pine on the Uinta Mountain
slopes; and sagebrush, the predominant vegetation, which covers
nearly all the undeveloped remainder of the State, with the ex-
ception of the Great Salt Lake Desert and some small areas in
_ the Sevier Lake Basin, which support salt desert shrubs. The
perennial vegetation that gives character to the desert area of
the State consists principally of shrubs that are protected against
excessive transpiration by their small size, small leaves, and wide
spacing, which enables them to conserve the scanty supply of
moisture and continue their growth through rainless periods.

The character of the vegetation is an index to the amount of
water available for growth. Precipitation ranges from 5 to 10
inches but seldom more than 10, and drought may occur at almost
any time. Although the plants are well adapted to extreme drought,
they may be killed by prolonged dry periods. The appearance of
the vegetation is monotonous, and one is impressed by the great
expanse.of a single plant species.

Grasslands are not extensive in Utah. They characterize areas
in which trees have failed to develop, either because of unfavor-
able soil conditions, poor drainage, intense cold and wind, defi-
cient moisture supply, or repeated fires. Usually they are well
supplied with water in the surface soils during the growth period
and do not depend upon stored soil moisture. Grasses are, there-
fore, characteristic of regions of summer rainfall. Bunch grass
is not tincommon on the foothills and in the mountain valleys
where rainfall ranges from 10 to 25 inches. It develops where
the moisture supply is insufficient for a dense stand of grasses.
Isolated spots-of dense stands of grasses are found in the alpine-
meadow areas and in the vicinity of springs, where water is
plentiful and close to the surface.

Sagebrush occupies most of the higher'land, which is free from
alkali, well drained, and moistened by natural rainfall or by .
flood waters to a depth of 4 to 18 feet. It is best developed where
the rainfall is from 10 to 15 inches. It is characteristic of the
alluvial fans and plateaus ranging principally from 4,000 to 7,000
feet in altitude. A good even stand of large sagebrush indicates
land upon which crops can be grown successfully by dry-farm
methods. Most of the land under irrigation throughout the State
was originally covered with sagebrush.

693988—46——3
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LAND CLASSIFICATION

A broad regional picture of the use and value of land in Utah
is presented in a repoert by Deeds and Falck.?? The classification
of the lands is based upon the climatic, physiographic, and soil
factors as they are reflected in the natural vegetation, Farming
land is shown on the classification map (pl. 6) as three types . of
cultivated crop land—irrigated land (about 1,300,000 acres),
grain-crop land (466,000 acres), and forage crop land. (315,000
acres). The total crop land amounts to about 5 percent of. the
area of the State exclusive of national forests and reservations. )

Irrigated areas embrace tillable areas on which crops aré grown
with the aid of water additional to that derived from .natural
rainfall and for which a water supply is available. Dry-farming
land embraces tillable areas having a growing season, normal
rainfall, and suitable soil for the successful production of hardy
grain crops. The forage-crop land embraces tillable areas having
less favorable growing conditions than farming land but suitable
for the production of grain hay in most years.

Other lands. of the State chiefly valuable for agrlcultural utlhty
are classified as grazing lands. These have been subdivided into
seven types of the seven readily distinguished types of forage
growth that occur in a characteristic suceession from the highest to
the lowest altitudes. In order of occurrence from high to low.they
are the subalpine, mountain brush, sagebrush, woodland,. shad-
scale, greasewood, and creosote types. (See pl. 6.) . o

The subalpine lands embrace an area of about 1,792,000 acres
in the high mountains and plateaus, in which rainfall exeeeds 18
inches, the growing season is short, and the summer tempera-
ture is moderate, so that there is little loss of moisture through
evaporation. Timber is ordinarily found in the zone of these lands,
but there are many open parks having no timber and areas.in
which timber forms only a scattered stand.

The mountain brush lands constitute about 2,293,000 acres m
a zone that is next lower in altitude than the subalpine type. The
plant growth represents a transition between the high-mountain
vegetation and that of the foothills. The precipitation.is less than
. in the subalpine zone, the growing season is longer, and the sum-
mers are warmer. Practically all the areas of this type can be
used during early summer and fall, but during midsummer parts
cannot be grazed because of lack of water for stock or the drying
up of feed. S

82 Deeds, John F., and Falek, Depue, Land- classification report for Utah {mlmeographed],
U. 8. Geol. Survey, 1932,
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The woodlands embrace an area of about 14,651,000 acres and
occupy a zone between the mountain lands that receive a rela-
tively high rainfall and the hot, semidesert regions that have a

-relatively low rainfall. They are found mainly in rocky or dry
gravelly foothills or areas of shallow soil where the annual rain-
fall ranges from about 10 to 15 inches and the maximum tem-
perature ranges from 90 to 95 degrees. The most conspicuous
'vegetation is pifiion or juniper or an association of both, which
are used to some extent by local ranchers for fence posts and
firewood. Many species of shrubs and grasses.are not uncommon
in this zone, and open patches of sagebrush occur where the
better soil conditions prevail.

Sagebrush land includes about 6,051,000 acres of the State’s
area. It is usually well-drained and has fertile soil free from
alkali. This zone has an annual rainfall of 8 to 16 inches. A good
undergrowth of grasses fringes the upper part of the belt where
favorable soil conditions and adequate rainfall are found. On
lands poorly supplied with soil moisture because of low rainfall
or.on. dry, shallow, or porous soils the sagebrush is small.

* Shadscale lands comprise about 11,818,000 acres in the State.
On these the soil moisture is less than the minimum required
for sagebrush growth. Land of this type is to be found in the
arid valleys and benchlands where the annual rainfall is less than
8 inches. Shadscale is the most abundant species of vegetation
and grows mainly on a shallow, heavy soil with more or less
alkali in the subsoil.

"Gredsewood lands embrace an area of 5,121,000 acres in which
the soil moisture is generally fair to good but in which poor drain-
age has resulted in an accumulation of akali and a vegetative
growth limited to alkali-resisting plants.

Creosote bush lands indicate extremely arid conditions. They
include an area of about 81,000 acres along the lower Virgin
River Valley. This type is characterized by a shallow coarse-
textured soil free from alkali. Rainfall is approximately 8 inches
a year and summer temperatures reach an extreme of more than
100° F.
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The percentage of the State included in each land type is as
follows:
Land types in Utah

Percentage

of State
area
National forests ..ottt ittt ittt ittt iierneenennenaennans 14.2
Other reserved lands ..........civeeiiniinenineeconenans Cereneaas 1.9
Irrigated land .....o.iiiiiiii i i e et e et ei e 2.9
Grain-crop or dry-farm land ........c...oiiiiiiiiiiriiiaeneians 8
Forage-crop Iand ........ciiiiiiiiiiiiiiiiriienerretrtnesanaans 6

Grazing land:

Subalpine ...t i e i et i 34
Mountain brush .......viiiiiiiiiiinirrineeerirersraenseanns 44
Woodland ............oiiiiiiinn, e teieeiiiceiieteneaas 28.0
SagebIUSh L. i i i i e e i i et i e 114
Shadseale .......iiiiiiiiirii it i it it it e 22,3
GreaseWo0d . ....iuiiteneinrenenisnecssansaatasansoasssansas 9.6
CTEOSOtE ittt it ittt in it riens e aratetenaneraeriaanas 5
100.0

It will be noted from the table that approximately 80 percent
of the State’s area is comprised of the seven types of grazing
lands. If the national forests and other reserved lands are ex-
cluded from the remaining 20 percent, a little less than 5 percent
of the entire State is included in towns and improved farms.
These facts are important with respect to the distribution of re-
ported cloudburst floods and their relative economic aspects. It
is also highly important that the facts relative to types of land,
soils, rainfall, and natural vegetation be given proper and serious
consideration in all plans for the development of vegetative cover
and its probable relation to such floods.

CLIMATE

GENERAL DISCUSSION

Utah is broadly classified as being in the temperate zone. Its
climate is essentially semiarid, with somewhat different charac-
teristics in the two major east and west sections resulting physio-
graphically from the barrier formed by the Wasatch Mountains
and High Plateaus, which extend diagonally southwestward across
the State. The seasonal temperature distribution is about the
same in both sections but there are marked differences in the
seasonal distribution of precipitation.

The average altitude of the State is approximately 5,500 feet
above sea level, with a low of 2,500 feet where Beaverdam Creek
crosses the boundary in the southwest corner, and a high of
13,498 feet at Kings Peak, in the Uinta Mountains in the north-
eastern part of the State.
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Approximately 22 percent of the State, in or near the moun-
tains and upland areas, has an average annual precipitation of
15 inches or more. About 30 percent receives 10 to 15 inches
annually, and 40 percent from 5 to 10 inches. The remaining
8 percent, comprising principally the Great Salt Lake Desert,
receives less than 5 inches a year.

The greater part of the State’s population is concentrated in
the habitable areas of highest precipitation. These areas are the
valleys along the stream courses and the fertile fans built up by
the streams as they emerge from their canyons. This charac-
teristic of population development is quite natural if it is realized
that irrigation is essential to all successful agriculture in the
State, because the mean State-wide annual precipitation is about
12 inches, and this is not sufficient to support more than a scanty
vegetation.

Some salient aspects of Utah’s climate are shown in figure 2,
covering the 48-year period from 1891 to 1938, inclusive.

It is interesting to note that for southern and eastern Utah
prepared from records of the United States Weather Bureaun
July and August are the wettest months of the year, whereas
June, July, and August are the driest in the northern and western
parts. June has less precipitation than any other month. The
aridity of the climate is indicated by the average number of days
in each month on which 0.01 inch or more of precipitation was
recorded. Precipitation of consequence is reported on an average
of 59 days a year for the State as a whole.

METEOROLOGY
GENERAL STATEMENT

The principal sources of moisture for the State’s rainfall are
the Atlantic and Pacific Oceans. The air masses originating over
the Atlantic Ocean and Caribbean Sea travel westward in a
wide swing across the Gulf of Mexico and the Rio Grande Valley.
Those from the Pacific Ocean travel eastward. From both air
masses the mountain ranges and highlands “wring out” consid-
erable water, and the desert areas at the lower altitudes remain
relatively dry as compared to the upland areas. Thus in all parts
of the State topographic obstructions materially influence the
precipitation process. Conditions favorable for precipitation may
exist for two or three days, for a week, or rarely for as long as
two weeks, but on the average they may be expected to occur
slightly oftener than twice a month over the intermontane West.

Storm-producing conditions not uncommonly prevail over large
areas involving parts of several States, but precipitation may be
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“spotty.” For example, widespread and relatively heavy rains
over Arizona and New Mexico are often accompanied or fol-
lowed by appreciable precipitation in the southern part of ‘Utah
and only a trace, or none at all, over the northern part. Moisture
content of the air is highly important in its relation to precipita-
tion. Storm periods of similar barometric and thermal conditions
may yield only a trace of moisture or a copious downpour, depend-
ing on the initial quantity of moisture in the air mass.
STORM COURSES )

Throughout the winter season over the entire State of Utah
all storms enter the State from southwest to northwest travel-
ing eastward. Most of the summer rains occur in thunderstorms
or as thundershowers, and the moist air masses connected with
these storms enter the State from the direction of the Guif of
Mexico. Thus, the southern and eastern parts of Utah, because
of topographic characteristics that favor continued lifting of the
warm, moist air masses, receive more summer precipitation than
the northern and western parts, beyond the Wasatch divide.

. STORM TYPES

This report is chiefly concerned with the heavy summer rains
in Utah, Apparently these are of two distinet types: Y1) The
steady or cyclonic storms, which are not very frequent and may
result in a large total precipitation but are spread over a pro-
tracted period and have relatively small intensities; and (2)
thunderstorms, which generally include the violent downpours
of brief duration and high intensity commonly known as ‘“cloud-
bursts.” Of these two types the cyclonic storm, which is charac-
terized by rather intensive low-pressure areas, is less common
in the summer. On the other hand, summer conditions over the
arid West often produce wide areas.of uniform atmospheric
pressure with a pronounced northward flow of warm, moist air
of tropical origin from the Atlantic and Caribbean regions. The
moisture content of the air in this warm current, which not only
is of direct influence on the amount of precipitable water but is
also of indirect influence on the stability of the air, is largely
dependent on the position of the high-level anticyclone. Then if
convection by any means is initiated when the moisture content
is high a cloudburst storm may result. Such storms may be ex-
pected during periods of high temperature when conditions are
most conducive to convection.

CYCLONIC STORMS

The cyclonic type of storm is shown by the weather maps in
plate 7, and an analysis of such a storm within the period Septem-
ber 21-25, 1930, inclusive, is shown by the charts in figure 3.
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Although more than 1 ineh of rain fell in a 6-hour to 8-hour period
on September 22 to 23 and varying amounts in other periods, no
heavy damaging runoff resulted. In storms of this kind, if a
relatively heavy fall occurs in the mountains for any great length
of time, high-water stages are built up in the streams leaving
the larger drainage basins. Smaller streams, however, having a
much greater channel capacity per square mile of drainage area,
require the concentrated violence of a cloudburst to produce a
dangerously high runoff.

THUNDERSTORMS

The convective form of thunderstorm is much more prevalent
in Utah than the general air-mass form. The sharp topographic
features and widely varying thermal conditions are conducive
to the development of convective storms. The area covered by this
kind of a thunderstorm is definitely limited by the extent of the
convective action. If such a storm passes over a rising terrain,
such as the face of a mountain range, it is augmented in violence
in proportion to the additional altitude reached by the unstable
air masses. Any delay or interruption of the storm travel is only
temporary and shows itself as a longer period of high intensity
and a greater volume of precipitation.

The general air-mass form of thunderstorm is rare in Utah
except in spring. However, a notable example of such a storm
occurred August 13, 1928, during which record-breaking precipi-
tation was recorded along the west face of the Wasateh Moun-
tains for a distance of 70 miles north of Salt Lake City. Devastat-
ing floods poured from practically all canyons along the affected
zone.

Of all the cloudbursts studied in Utah, the great majority were
in July and August, the warmest months. Most of the remainder
were in June and September. Furthermore, regardless of date,
the greatest number occurred during the interval between noon
and sundown, or early evening, the period of maximum diurnal
temperatures and most intense convection. The fact that several
damaging downpours have been reported as occurring during
the night does not necessarily detract from this statement.

The damaging effects of heavy rains are proportional to the
rates of surface runoff, which are limited by the rates of rain-
fall, and as only high intensities or rates in excess of the rate at
which the surface can absorb or retain water cause appreciable
runoff it is obvious that the cloudburst on both accounts is poten-
tially a source of danger and destruction. The many records of
disasfrous storms and mountain floods in Utah include only one
or two isolated storms that were not of the thunderstorm type.
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It should be kept in mind, however, that not all thunderstorms
are accompanied by excessive precipitation. To produce a large
volume of rainfall under barometric and thermal conditions con-
ducive to cloudbursts there must be a large volume of moisture
available for condensation and mechanism for the flow of the
moisture to the region of instability. The coincidence of high
moisture content -and strong econvection necessary to produce
disastrous storms is the exception rather than the rule.

Cloudburst storms recorded by the United States Weather
Bureau at Salt Lake City in August 1923 and August 1931 are
shown in plates 8 and 9.

'On the evening of August 18, 1928, northern Utah was struck
by the severest cloudburst in its history. Hundreds of acres of
land were destroyed by floods from the canyons, homes were
demolished, utilities damaged, and at least nine persons- were
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drowned. The characteristics of this storm and the barometric
and thermal conditions at Salt Lake City from August 11 to 13,
inclusive, are shown in figure 4. Uniformly high temperatures
and pressures prevailed prior to the storm. As the storm de-
veloped the barometric pressure and temperature fell rapidly.
Figure 4, A shows the hourly quantities of precipitation during
the storm, and figure 4, B shows the 5-minute intensities, as
recorded by the tipping-bucket gage during the most violent
period. Of the total of 1.23 inches of rainfall, 0.96 inch fell in a
period of 25 minutes. On ground with an absorption rate of 1
inch an hour, 0.54 inch of this would be surface runoff.

The volume and intensities of precipitation in the higher alti-
tudes must have been greater in order to produce the terrific
canyon floods.

Another storm of this kind ocecurred August 13, 1981 (fig. 5).
It was not so severe as that of 1928 but was severe enough to
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cause considerable damage. Two mudflows emerged from the
canyons between Salt Lake City and Farmington, burying several
automobiles on the State highway. The State spent over $8,000
in clearing away the debris and mud. Characteristics of this storm
from records at Salt Lake City are shown in figure 5.

Rain fell at Salt Lake City during this storm at the rate of
0.85 inch in 35 minutes, and of that amount 0.77 inch fell in 15
minutes. Initial intensities were so high that in 15 minutes 0.50
inch would have run off from a ground surface capable of absorb-
ing 1 inch an hour.

A mixed form of storm is illustrated in plate 10 and figure 6.
The weather maps (pl. 10) cover the storms of August 23 to
30, 1932. Precipitation was recorded from the 26th to the 29th
(fig. 6), but the 26th and the 29th had the greatest rainfall.
Cloudburst propensities were manifest at the beginning of both
storms, but no strong convection developed. There were only two
5-minute intervals on the 26th and one on the 29th with fall
sufficient to have caused surface runoff from ground that would
absorb at the rate of 1 inch an hour.

RELATION BETWEEN STORMS AND ALTITUDE

The relation of altitude to precipitation in Utah has been the
subject of several research studies,®® but definite mathematical
relationships have not been found. It is apparent, however, that
the mountain ranges and the upland plateau areas get more pre-
cipitation than the lowland and desert areas. Some exceptionally
heavy storms have been recorded at valley stations, but they are
too infrequent over the State as a whole to account for the cata-
clysmic floods that occur almost annually in various parts of the
State.

Estimates of runoff from several flood canyons based upon the -
minimum amount of water required for the liquefaction of the
immense debris waves indicate rainfall generally far in excess
of any storms recorded at lowland stations. It is apparently
axiomatic that a thunderstorm, in impinging upon a mountain
range, is materially augmented both in violence and in degree
of condensation and rainfall. The incredible runoff and erosion
resulting from a single heavy cloudburst support this hypothesis.
Thunderstorms and cloudbursts are most common in the moun-
tains and upland areas, and therefore these areas undergo greater
erosion owing to the greater volume and intensity of precipita-
tion and the steep declivities and well-defined catchment basins.

8 Alter, J. Cecil, Normal precipitation in Utah: Monthly Weather Review Sept. 1919:

Clyde, G. D., Relationship between precipitation in valleys and on adjoining mountains of
northern Utah: Monthly Weather Review March 1931, vol. 59, pp. 113-117.
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FREQUENCY OF THUNDERSTORMS AND CLOUDBURSTS

Thunderstorms and cloudbursts are more frequent in the
southern and eastern parts of the State than in other parts, but
owing to the sparse settlement of these parts the storms do not
receive the attention accorded them in more densely populated
regions. At Grand Junction, Coelo., which is adjacent to south-
eastern Utah, approximately twice as many thunderstorms occur

as at Salt Lake City.
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FI1GURE 7.—Average annual distribution of thunderstorm days at Salt Lake City. Average
annual number of thunderstorm days was 35 for period 1904 to 1938.

The number of thunderstorm days reported, however, varies
widely at any given place. For example, the number of days in
any one year since 1910 on which thunderstorms were noted at
Salt Lake City varies from 17 to 56. A thunderstorm day is de-
fined by the United States Weather Bureau as a day on, which
lightning is seen or thunder is heard from the station, but not
necessarily accompanied by precipitation. The relative distribu-
tion of thunderstorm days, as reported at Salt Lake City, is shown
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in figure 7. The months of July and August alone include about
45 percent of the total number for the year.

CLOUDBURST INTENSITY DURATION
GENERAL STATEMENT
In most studies of storm runoff, the investigations are handi-
capped by rather meager precipitation data. In the smaller drain-
age areas the lack of precise records of short-time intensities is par-
ticularly serious. Only in areas under close investigation are such
records available.

The rates of runoff ensuing from a cloudburst storm can only
be completely accounted for by a rather extensive study of the
relative intensities of precipitation during the storm period. In
a semiarid region, such as Utah, a storm yielding an inch of rain
in an hour or less is unusual, but if that amount were evenly
distributed through the period of its fall the intensity would
scarcely exceed the common rate of absorption by natural ground.
When analysis shows, however, that more than 60 percent of that
amount may have fallen in only 20 percent of the time, the disas-
trous effects of surface runoff are quite explicable.

‘Some storms are on record in which the maximum intensity
occurred in the first 5 minutes, and other rarer examples are
found in which the maximum did not occur until near the middle
or even the latter part of the storm. Sufficient data are not avail-
able to determine whether gages placed along the line of travel
of a thunderstorm would all show the same intensity distribution,
thus further complicating the analysis of runoff.

Records of rainfall intensities in this region are scarce over
any lengths of time for the upland areas. Some records are avail-
able for Salt Lake City and Modena at the offices of the United
States Weather Bureau at those places. Records for shorter
periods have been compiled at the Great Basin Experiment Station
of the Forest Service on the Wasatch Plateaus east of Ephraim,
established in 1914, and also at the Davis County Streamflow
Laboratory of the Intermountain Forest and Range Experiment
Station of the Forest Service on the Wasatech Front in Davis
County, established in 1936. But without additional data it is not
yet certain that thunderstorms in other altitudes and latitudes
follow the same intensity distribution. It is generally accepted,
however, that during the travel of a storm over the windward
slopes of mountain ranges convection’ is orographically aug-
mented, which results in greater intensities and a generally
greater total of rain at the foot of the slopes. It seems reasonable
to assume that duration, tetal fall, and intensities are all pro-
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portionately affected and that what is known to occur at one spot
presumably takes place on a greater or smaller scale at another.

INTENSITY DURATION

Meteorological data for 18 noteworthy cloudburst storms at
Salt Lake City were studied for the intensity distribution of pre-
cipitation. All these storms were definitely of cloudburst intensity
and several were violent enough to cause serious damage.

From the tipping-bucket record sheets the successive 5-minute
intensities were compiled for each storm, care being taken to
select the intervals so as to include the most intense period of the
storm in one interval. To avoid the effect of spasmodic light
showers, which sometimes succeed the downpour, the period was
considered terminated when the intensity fell to less than 0.01
inch in 5 minutes. These latter periods aceount for very little rain.
In order to analyze these storms comparatively, the intervals
selected for each were rearranged so that the maximum intensity
was placed in the first 5-minute interval, with other intervals
following in decreasing order of intensities.

In figure 8 three of the 18 storms are shown graphically, first,
showing the variations in intensity as they actually oceurred and
then with the intensities arranged in descending order of magni-
tude. In an actual storm, preliminary fall often satisfies, at least
partially if not completely, the requirements of initial interception
and surface detention and permits the maximum intensities to con-
tribute to surface runoff, which is then reduced only by the infil-
tration. In the rearranged storm the initial requirements of
interception and detention must be satisfied during the high in-
tensity period, which has the effect of reducing the maximum
intensity. As far as the scantily vegetated watersheds of the semi-
arid West are concerned, this difference does not appear impor-
tant. For the purpose of comparing storms an assumed infiltratien
rate of 1 inch an hour has been applied to these storm graphs
regardless of the actual hydrologic conditions that prevailed
during the storms, but no interception and surface-detention fac-
tors have been applied. The excess over the infiltration rate there~
fore represents theoretical surface runoff from a small unit area
of exposed ground. In the decreasing-intensity arrangement of'
the storms the cumulative percentage of precipitation “F” is
plotted against the percentage of duration “T” from the begin-.
ning of the storm. Percentages rather than dimensional data
were used in order to reduce storms of widely varying total
precipitation and duration to a standard basis of -comparison.
Regardless of volume of precipitation or duration, the shape

(3988 —45—4,
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of these graphs approximated very closely the simple hyper-

. . I &
bolie expression F = R

, in which @ and b are constants de-

termining the curvature and therefore the mtensxty devmtlon

from the mean for any given storm.

This formula is similar to the dimensional formula developed
by Meyer3¢ for storms of 5 to 120 minutes’ duration. The advan-
tages of using the percentage relationship lie in the fact that with

3 Meyer, A. F., Elements of hydrology, 1928.

l
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knowledge of only the duration and total precipitation of a cloud-
burst storm and with selected values of ¢ and b which range
within narrow limits generally, any cloudburst storm can be
reconstructed. The relationship between @ and b, which are inter-
dependent, is expressed by (a + 100b) = 1.00. Safe average
values were found to be ¢ = .18, b = .0082. For the average inten-
sity for any interval from the beginning of the storm Iav =
%T’ and for the theoretical instantaneous intensity I =
Ma
(a+bdT)2"
puted intensities for the storms represented in figure 8, using
the above value of @, are as follows: T = 5 percent, FF = 23 per-
cent; T = 10 percent, FF = 88 percent; T = 20 percent, F' = 58
percent; T = 50 percent, F = 85 percent; T = 75 percent, F' =
98 percent.

M is the mean intensity for the entire storm. Com-

FACTORS INFLUENCING INTENSITY

A considerable variation in the intensity-duration behavior
may be expected in light storms. The causative forces of storms’
and their relative importance are defined by Humphreys®® as
follows:

(a) Reduction of temperature, volume remaining constant; (b) reduction

of volume, temperature remaining constant; (¢) a combination of tempera-
ture and volume changes that jointly reduce the total vapor capacity.

- In nature (¢) is usually most applicable.

Briefly, the volume of precipitation from a thunderstorm and
the violence with which it occurs depend upon the degree of
saturation of the air masses, the changes in density or pressure
- and in temperature, and the rate at which these changes take
place. As intensity-duration studies indicate a systematic varia-
tion independent of the volume of storm rainfall, it must be
deduced that temperature, which changes greatly during a
‘thunderstorm, must have a great effect not only upon the amount
of condensation from a mass of given moisture content but also
upon the rapidity with which the condensation transpires and the
resultant intensities of precipitation.

" Temperature change is apparently the most important factor
‘affecting the amount and rate of condensation and precipitation.
"(See fig. 9.) For each storm the temperature drop was taken from
the thermograph record sheet and plotted against corresponding
values of the factor ¢ in the hyperbolic intensity-duration func-
tions. The correlation, although not exact, is nevertheless con-

3 Humphreys, W. J., Physics of the air, 2d ed., McGraw-Hill Book Co., Inc., p. 247, 1929.

7
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FIGURE 9.-—Association of temperature drop with deviations from mean intensity. Points
on chart are values of a computed for individual storms recorded at Salt Lake City.

spicuous, especially when it is borne in mind that the temperature
change is only one of the several variables which may be present
in the complete relationship.

With increasing magnitude of temperature drop, the value for
a decreases. As a decreases the curvature of the intensity-dura-
tion curve becomes sharper. In general, then, it appears that,
almost regardless of the volume of precipitation, duration, or
initial moisture content, the relative violence of a cloudburst is
influenced mainly by the temperature change undergone by the air
mass involved and that the greater the drop the greater will be the
deviation of the intensity from the mean.

In figure 9 the storms were plotted to bring out the effects of
quantity of fall, if any were present. It is noted that the heavier
 storms, those in excess of 0.40 inch of total precipitation, show
a closer agreement than do those yielding less than that amount.
It is also noted that the heavier storms were accompanied by
greater temperature drops and, moreover, that all points tended
to fit more closely in that zone. This merely indicates that with
an air mass of average moisture content the degree of condensa-
tion depends upon the thermal change. The better fit in the higher
part of the curve illustrates the fact that the greater the thermal
change, the more its effect dominates that of the other variables.
The operation gains in stability and precision as the determinate
factors of moisture content and temperature drop increase.
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Another important factor in bringing about variations in the
intensity distribution is the position of the recording rain gage
with respect to the center of convection. It is apparent that the
area under the influence of a single thunderstorm is definitely
limited by the extent of the convective activity and that only a
relatively small area in the center of the storm is subjected to
_the higher intensities.

An idea of the area covered at any instant by a thunderstorm

can be gained through a consideration of the storm’s velocity and
the length of the precipitation period recorded by a stationary
-gage. The duration of the period of precipitation is 20 to 30
minutes on the average, though rarely it may be an hour or more.
Thunderstorms may have a horizontal velocity of roughly 30 to
50 miles an hour in this region. Thus, the area affected by the
storm at any instant has a length and breadth of from 10 to 25
miles on the average. It should be kept in mind that this report
is dealing with excessive, unusual storms and does not consider
the ordinary, light, brief, scattered summer thundershowers.

Furthermore, as the. intensity records show, the period in
which the dangerous intensities occur is only about 25 percent
of the total duration of the storm, so that the actual extent of
the endangered area at any moment is relatively small, say 5 to
25 square miles, assuming a circular distribution with a dlameter
of 2.5 to 6 miles.

This accounts for the generally localized effects of cloudbursts.
In general, the smaller the catchment area, the greater the pro-
portionate excess of discharge induced by a thunderstorm in a
critical location. A flash flood of 2,000 second-feet or more from
a drainage basin of 4 square miles is a potential agent of destruec-
tion; the same flood, contributed by a small tributary to a larger
stream, may not equal the normal spring peak to which the
channel is accustomed.

In accounting for the variable effects of cloudbursts on stream
flow, consideration should be given to the relation between basin
alinement, the direction of storm travel, and the position of the
basin with respect to the storm center.

RUNOFF UNDER THUNDERSTORM INFLUENCE

Runoff occurs from drainage basins whenever the rate at which
water accumulates exceeds the rate at which absorption and
evaporation take place. As a single thunderstorm, seldom affects
any given area for more than an hour the effect of evaporation
is negligible. The rate of absorption varies from practically
nothing, as on roofs and surfaced roads, to as much as 114 inches

an hour.
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Two other factors of rainfall retention must also be satisfied -
before free discharge takes place: (1) Interception by vegetation,
and (2) initial or surface detention. Interception by vegetation
on the near-barren lands of the semiarid and arid West is gen-
erally slight, and the proportion of the total fall of a heavy cloud-
burst thus affected is insignificant.

Initial detention is defined by Horton3® as “a surface layer of .
water which accumulates before run-off begins.” He estimates
the total amount of rainfall retained because of factors that might
properly be associated with initial detention to range from one-
eighth to three-fourths of an inch for flat, near-barren areas and -
" from one-half to 114 inches for cultivated fields and for natural
grasslands or forests. On slopes of 85° or more, such as occur in
the drainage basins of Utah, it is believed that the values of
initial and surface detention are less than those indicated.

In general, the regimen of thunderstorm precipitation consists
of a brief period of light intensity merging quickly into the maxi-
mum intensity. The maximum lasts for only a few minutes and
then tapers off rapidly as the storm passes. The extreme rates of
rainfall in the mountains of Ufah are not definitely known. Storms
recorded at Salt Lake City have shown an intensity lasting for
brief periods as high as 0.40 inch in 5 minutes (4.8 inches an
hour) and yielding more than an inch of rain in less than an
hour’s time. An unusual cloudburst occurred July 7, 1933, in
Bryce Canyon, in the High Plateaus (8,000 feet in altitude),
which lasted only 10 minutes and yielded 0.90 inch of rain,
a rate of about 5.4 inches an hour. The heaviest mountain storms
undoubtedly exceed those recorded in the lowlands, both in inten-
sity and total precipitation.

Under such rates of precipitation only the densest vegetation,
characteristic of climatic conditions that differ greatly from those
in Utah, can effectively retard and prevent surface runoff. In
the Utah flood canyons under survey vegetal cover was generally
sparse and the retention value of the surface and its cover is
probably in the lower ranges suggested by Horton.?” Even during
the heaviest cloudburst storms the period in which the intensity
rate markedly exceeds the absorption rate is only about 25 to 30
percent of the total duration. Probably in some parts of the basin
subsequent rain of an intensity less than the average absorption
rate falls on ground covered with excess water or on impervious
ground and contributes somewhat to surface flow. At any rate
the period of significant direct contribution to runoff rarely ex-

38 Horton, R. E., Surface run-off phenomena: Horton Hydrol. Lab. Pub. 101, p. 14, 1936,
57 Horton, R. E., op. cit,
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ceeds 20 to 30 minutes. For this reason only small drainage
areas with concentration periods of less than 20 to 30 minutes
will experience maximum runoff. In the larger areas much of the
surface flow is absorbed in transit.

Precipitation records on the higher catchment areas of Utah
are scarce. Furthermore, when an unusual summer flood has
occurred in a stream on which a gaging station is maintained
the gage has frequently been washed out by the flood. Thus, most
maximum discharges recorded for summer floods in the smaller
streams are necessarily estimates, the making of which is com-
plicated by the fact that the stream beds are steep and tortuous
and the flood waters choked with debris.

In three of the small streams in Davis County rough estimates
of the volume of debris added to the fans during the floods of
1923 and 1930 were used in an effort to arrive at the flood dis-
charges. These floods were virtually mudflows, and knowing the
approximate time required for the, discharge and the volume of
water (through shrinkage and porosity tests) required to liquefy
the debris, a very rough estimate of discharge is given in the
table on page .. In arriving at these figures several field meas-
urements were made of shrinkage of flood material entrapped in
sties, barns, and other buildings by determining the depth of the
material that had settled on the floor as compared to the height
above the floor of the original mud marks. The specific gravity
of solid material and dry weight of soil samples furnished a
basis for a rough comparison of the results of these studies with
some made by Eaton3® in California, in which saturated debris
made up approximately 70 percent and additional water 30 per-
cent of the flood material. On the basis of this relationship, which
is believed to be within acceptable limits of accuracy for the
floods here listed, each cubic yard of deposit had 13; times as
much volume in a flood state as in-the dry state. Moreover, if the
deposited material has a dry porosity of 30 to 40 percent, the
moving flood material will contain water in the following per-
centages: '

30 X .70 + 80 = 51 percent

40 X .70 4+ 30 = 58 percent

The total yardage of debris deposited on the flood fans by the
storms tabulated was estimated in the following manner:

(a) Depth of deposits was noted on partially submerged fence
posts, wagon wheels, sheds, and other objects.

(b) Profiles were made across the fan from natural ground to
natural ground.

'2s Baton, E. Courtlandt, Flood and erosion problems and their solution: Am. Soe. C. E. Trans.
1936, pp. 1302-1362.
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(¢) Conservative consideration was given to all oral state-
ments by local inhabitants.

The determination of the duration of flood ﬂow is based on
numerous interviews and a careful analysis of field observations
from all sources of information. Obviously a great deal of per-
sonal judgment enters into these determinations, and other in-
vestigators may disagree considerably with the results. The aver-
age discharges for the floods here studied are based on a total
water discharge of 52 percent of the moving flood material in
cubic feet divided by the estimated duration of flow in seconds.

Estimates of flood discharges in several Utah streams !

Discharge in Discharge in second
second feet feet per square mile
Drainage
Stream Locality (szr;:re A vferage Date of flood
miles) Aversa, Maxi- | 4 or. Maxi-
ge uration
A mom o mum
flash flood
Steed Creek - - .__...| Farmington. 2,42 1,120 {oeo... 460 |- August 13,71923.
Davis Creek......_| ... do....... 1.48 810 |eo._ 850 | Do.
Farmington Creek 2_|..... do_...... 7.0 oo 2,450 [ceeoeaas 350 Do.
Parrish Creek-_.._._| Centerville_. 2.03 1,040 | ... ___ 515 |oooeeoa July 10, 1930.
Price River2._____.. Helper...... 530.0 | e 310,000 feeoccuaaaan 18.8 | September 1927.
Snowslide Canyon._{ Provo____.__. 117 660 { oo 565 f.o e July 13, 1938.

1 Except as otherwise indicated, estimates were based on volume of water necessary to fluidify
debris deposited. Any excess water would increase the figures.

2 Data taken from table by C. S. Jarvis in “Low dams,” prepared and published by Water-
Resources Committee of National Resources Committee in 1938,

8 Discharge indeterminate owing to extreme floods of that period, but estimated as between
9,000 and 10,000 second-feeet.

The effects of varying periods of concentration, confined areas,
and brief duration of cloudbursts are indicated by the stream
discharges. All these streams have an average annual discharge
of much less than 1 second-foot a square mile. The peak flood in
the Price River was 60 to 70 times the average annual discharge,
whereas the streams with the smallest drainage areas had flood
flows for brief periods that were 2,000 or more times the average.

Most of the cloudburst floods originate in regions below the
8,000-foot altitude, in streams more or less directly exposed to
the direction of storm travel. A few areas that are not greatly
affected by cloudburst storms are found at altitudes almost in-
variably above 7,500 feet and in rather sheltered positions topo-
graphically. These areas usually have a ‘dense forest cover and
a thick layer of pine needles and other forest litter, which indi-
cates a natural balance between the factors of precipitation,
absorption, and interception, and the rate of occurrence of storms
of sufficient violence to cause destructive runoff.
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Suggestions are not uncommon that the effects of cloudburst
floods might be minimized if the catchment basins of the flood-
ravaged canyons could be planted to a denser vegetative cover.
In attempts of this kind, however, the fact should be borne in
mind that practically all the canyon lands are now bearing a
plant cover which, in its original condition, is predetermined by
natural conditions of precipitation, percolation, evaporation,
transpiration, temperature, and situation, and that any wide-
spread attempt to “overload’ the watershed will no doubt be
disappointing.

The most violent discharges, causing, proportionately, the
greatest amount of damage, originate in drainage areas of 10
square miles or less, although some notable floods have occurred
under thunderstorm influence in streams whose basins range from
60 to several hundred square miles. It has been estimated that
some discharges from streams with only a few square miles of
drainage area have yielded a flash peak flow of 1,000 to 2,000
second-feet of water exclusive of the large debris load, which
might double that volume. Some streams draining hundreds of
square miles have summer thunderstorm peaks in excess of their.
maximum spring high-water discharges. This is true of the
Duchesne River, thunderstorm floods in one or more of whose
tributaries produced abnormal peaks, which in turn produced
a crest in the main stream that persisted beyond the gaging sta-
tion at Myton. The drainage area above this station is 2,750
square miles.

It is not uncommon for the channels of some of the larger
streams in Utah to be temporarily dammed by earth and debris
from tributary drainage basins. This breaks the natural regimen
of the stream and produces a peak flow after the dam is over-
topped and washes out. The Provo River within its canyon in
Utah County has been obstructed in this fashion several times.
The water arose behind the debris deposits, covering stretches
of highway, railroad track, and canyon camp sites for days until
the mass was artificially removed. In these instances the dis-
charges fom the tributary canyons have been thick mudflows
which added little free water to the main stream and thus did
not materially augment its flow.

Directions of travel and extent of thunderstorms bear impor-
tant relationships to runoff from any specific drainage basin. The
more nearly the direction of travel parallels the course of the
drainage over which it passes, the greater will be the flood crest
produced by any given precipitation intensity great enough to
cause surface runoff. However, if the direction of travel is up-
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stream, a substantial part of the precipitation at the lower end
may run off without contributing to the main flood wave, except
as the tendency is modified by the condition that the concentra-
tion period in the downstream reaches is prolonged by gentle
slopes and characteristics favorable to absorption.” S

In convectional storms the canyons draining the Wmd\#ard
slopes receive the heaviest precipitation, and at times dramages '
on opposite sides of a range have both been in flood, as the storms
were not completely dissipated befere crossing the divide. "How-
ever, it is seldom that the leeward slopes produce a serious ﬂood
runoff. A storm crossing a long, narrow valley transversely ‘Hay
affect only a small part of it. However, if the width of the storm
exceeds appreciably the length of the valley, the entu'e valley
may receive precipitation of similar intensity. B

The storm that struck much of northern Utah August 13, 1923','
was not the common type of spotty convectional storm but pre-
sented some of the characteristics of the general air-mass type'
which is relatively infrequent in the semiarid West.

It is estimated that flood discharges from many of the smaller
catchment basins in Utah range from 400 to 600 second-feet per‘
square mile as a result of cloudburst storms, probably" 10 t1mes
that to be expeected from the maximum spring peak. Stud1es usmg
the maximum spring peak discharge for several streams of long
record indicate that a channel capacity of 5 second-feet per square‘
mile of drainage area is sufficient for streams like the Bear R1ver’
at Harer, Idaho, and the Virgin River at Littlefield, Ariz., rlvers
with drainage areas of 2,780 and 4,400 square miles, _respectlveiy,
whereas a capacity of 25 second-feet per square mile is required
for streams of the magnitude of Weber River at Oakley (drainage
area, 163 square miles), the North Fork of Duchesne River (39
square miles), and Little Cottonwood Creek (approxxmately 28’
square miles). ‘

Applying the findings of these studles to small streams’ Wlﬁli
drainage basins ranging from 2 to 10 square miles; it is est1mated’
that such streams would require a channel capacity of 40 to 60
second-feet per square mile of drainage area for their maximn‘m"
peak discharge of spring runoff.

CLOUDBURST FLOODS

GENERAL STATEMENT

The term “cloudburst” is applied generally to any sudden and
excessively heavy downpour of rain, especially in the mountain.
regions. In the State of Utah, however, rarely, if ever, is the
fall during a general cyclonic storm of sufficient intensity -and:
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xolume o produce a notable flood in any stream. In the larger
drainageibasins a heavy rainfall on a snow cover will usually
.cause’ maximum high-water stages, but this cannot be ascribed
entirely to the rain storm. A cloudburst, as defined in the Century
Dictionary and Cyclopedia and as used in this report, “is a violent
downpour of rain in large quantity and over a limited area.” In
Utah it is of thunderstorm origin. A flood produced by a cloud-
burst is usually a flash peak discharge followed by a quickly
diminishing flow, as shown by the hydrographs of Price and San
Rafael Rivers in figure 10. :
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' F,IGUBE 10.—Typical regimen of Price and San Rafael Rivers. High peaks, July to October,
due’ to thunderstorms.

The streams most seriously affected by cloudburst floods are
those in which the flood peak exceeds that of normal spring
freshets to which the stream channel has been corraded. Stream

" profiles and channel cross sections are indicative of flood cond:-
4
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tions on the stream. If cloudburst runoff that exceeds materially
the maximum spring peak discharge occurs with sufficient fre-
quency, it is then responsible for the preponderance of channel
cutting and fan building.

Gilbert?® writes, with respect to “cloudburst channels” in this
region, that precipitation here, as in other desert regions, is
extremely irregular and often violent, and

Sooner or later the ‘cloudburst’ visits every tract, and when it comes the
local drainageway discharges in a few hours more water than is yielded to
it by the ordinary precipitation of many years. The deluge scours out a
channel which is far too deep and broad for ordinary needs and which
centuries may not suffice to efface. The abundance of these trenches, in various
stages of obliteration, but all manifestly unsuited to the everyday conditions
of the country, has naturally led many to believe t}3at an age of excessive
rainfall has but just ceased.

Five-minute intensities of cloudburst storms recorded by the
United States Weather Bureau at Salt Lake City indicate a maxi-
mum precipitation of 0.40 inch August 13, 1923, and a similar
record made by the Forest Service at its Wasatch Front Experi-
‘ment Station in Davis County July 10, 1986, was 0.42 inch. No
records are available from the Davis County station prior to 1936.
If it is realized that during such storms the runoff occurs in a
period of minutes as compared to months for the same yield from
normal snow cover and usual rains, the violent corrasive action
of the cloudburst flood is apparent.

In the absence of a mudflow on those streams that are build-
ing fans along the foot slopes of the mountain ranges the flood
that flows from the canyon distributes the detritus from its catch-
ment basin over the fan by shifting its channel from time to
time as the sediments clog it. As the canyon wears deeper at its
mouth and the stream discharges at a lower level, the upper part
of the fan is excavated and a new fan modeled with lower apex
and lower grade. In a general way the coarsest alluvium remains
nearest the mountain and the finer is farther removed, but the
sorting is very imperfect, and heterogeneity is a characteristic of
the fans. :

Some conception of the behavior of cloudburst floods may be
gained from the following descriptive accounts of eye witnesses.

On August 6, 1901, one of these floods came out of the canyon
at the settlement of Milburn, in the northern end of Sanpete
County. The editor of the Mount Pleasant Pyramid watched it
from the rear platform of a slowly moving train. He says:*

It was an amazing sight * * * an avalanche of water freighted with
trees and boulders hurling itself down the mountains. It was really a fearful

8 Gilbert, G. K., Lake Bonneville: U. 8. Geol. Survey Mon. 1, p. 9, 1890.
4 Deseret News, Salt Lake Cily, Utah, Aug. 7, 1901,
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sight, for down in the valley there were men struggling to get their stock
out of reach of the oncoming flood. The people of Milburn caught the con-
tagion of fright, and a panic followed. But before reaching the village the
water spread out over the plateau, but even then it was about 8 feet deep in
some parts of the town. '

~ The Eureka Record gives accounts of no less than 23 cloudburst
floods in the period 1906 to 1938 at Eureka, a small mining town
in Eureka Canyon about 10 miles west of the south end of Utah
Lake. Conditions here are indicated by Timothy L. Sullivan,** a
resident of the town.

He states that:

The heaviest rains and floods occur in this vicinity during the months of
July and August each year. Seldom a year passes that storms reaching flood
proportions do not occur during these two months. Eureka’s Main Street is
built near the bottom of the canyon running through the city from east to
west, and the storm sewer follows the same course on the north side of
Main Street. Most of the buildings on the north side of Main Street are con-
structed over the storm sewer. Consequently when floods oceur these build-,
ings are damaged to some extent.

A typical flood is described by Mr. Sullivan as follows :42

July 31, 1912, about 4:30 p.m., one of the worst floods in the history of
Tintic occurred. An unusually heavy rain was followed by a cloudburst. Just
before the cloudburst it turned so dark that lights had to be turned on in
the. homes and business houses. Every street in Eureka was washed out. A
raging torrent came down Main Street and the storm sewer to the right on
the north side of the street. The water and debris from the storm sewer
entered the back doors of business houses and came out the front, carrying °
merchandise of all descriptions with the water down the canyon. It was a
very unusual sight to see cases of canned goods, barrels of beer, and empty
beer kegs floating out the front doors and being washed down the canyon.
The damage to streets and buildings was enormous.

Among the larger streams of the State the Price River is notable
for cloudburst fioods. One of these is described as follows:43

Price, July 20.—Washed out bridges and delayed trains are some of the
results of a-heavy rainstorm that struck Price watershed yesterday (July
19, 1913) afternoon. The D. & R. G. Railroad bridge at Castle Gate went .out
about 6:00 o’clock. The Midland Trail bridge above Castle Gate went out,
and when the debris swept down against the wagon bridge at Castle Gate
that structure also went. The flood washed away two houses at Castle Gate,
besides flooding and damaging numerous others. The water poured into the
windows of the big boarding house, creating a panic among the boarders.
A trunk, said to contain $1,000, was washed away from one of the houses
and downstream, and at this writing there are nearly 100 men out searching
for it.

As an example of the rather astoundmg amount of cloudburst
runoff from a small catchment basin the following description

41 Communication to Federal Writers Project of Utah.
42 Condensed from Eureka Record of Aug. 2, 1912.
43 Deseret News, Salt Lake City, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>